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Table  H«l.  Chemicals  of  Potential  Concern,  Summiiiy  Statistics,  and  Exposure  Point  Concentrationi  for  Soils  -  Site  2  (continued 
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Table  H-2.  Chemicali  of  Potenti«l  CoHcera,  Summaiy  Statistic*,  «nd  Eiposure  Point  ConceiitratloBs  for  Groiiadwter  -  Site  2 

178tli  Tactical  Fighter  Group.  Sprint^eld  ANGB,  Springfield,  Ohio _ _ 


licates  that  the  95%  uCL  exceeds  the  maximum  value; 
is  substituted  as  the  REC  instead  of  the  95%  UCL 


Cfaemicais  of  Potential  Concern,  Summa 
178th  Tactical  Fiehter  Grot 
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Table  H-3.  Chemicals  of  Potential  Conceni>  Summary  Statistics,  and  Exposure  Point  Concentrations  for  Soils  -  Site  3  (continued 
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Table  H-5.  Chemicals  of  Potential  Concern,  Summary  Statistics,  and  Exposure  Point  Concentrations  for  Soils  -  Site  S 
178tli  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio _ 


Cfaemtcah  of  Potential  Concern,  Summary  Statisticf,  and  Eiposure  Point  Concentration!  for  Soils  ■  Site  S 
_  !78th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio _ 
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Table  H-6.  Chemicals  of  Potentiai  Concern,  Summary  Statistics,  and  Eiposure  Point  Concentmtions  for  Soils  ■»  Background 
_ 178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio  _ 


H-12 


Chemicais  of  Potential  Concern,  Summary  Statistics,  and  Exposure  Point  Concentrations  for  Groundwater 
_ 178th  Tactical  Fighter  Grouo.  S^ngfield  ANGB,  Springfield,  Ohio 
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is  substituted  as  the  REC  instead  of  the  95%  UCL 


Table  H-8.  Risk  Estimate  Summary  -  RME  Risks 
Site  2  -  Fire  Training  Area  2 

178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


CURRENT  -  OCCUPATIONAL 


MEDIA 

ROUTE 

BASE  PERSONl®L 

CONSTRUCHON  WORKER  | 

Noncancer 

Cancer 

Noncancer 

Cancer  | 

Soil 

Ingestion 

2.3E-02 

B 

9.7E-06 

W 

2.8E-01 

B 

9-3E-06 

W 

Dermal 

1.7E-03 

B 

3.6E-06 

w 

4.7E-03 

B 

7,lE-07 

B 

Soil  Total 

Combined 

2.5E-02 

B 

13E-0S 

2.9E-01 

B 

l.OE-05 

m 

ITOTAL 

2.5E-02 

ji 

L3E-05 

2.9E-01 

l.OE-05 

m 

FUTURE  -  RESIDENTIAL 

MEDIA 

ROUTE 

CHILDREN  1 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer  | 

Soil 

Ingestion 

7.7E-01 

B 

7.6E-05 

W 

8.3E-02 

B 

3.3E-05 

w 

Inhalation 

2.9E-07 

B 

1.8E-08 

B 

6.2E-08 

B 

L9E-08 

B 

Dermal 

LlE-02 

B 

4.9E-06 

W 

6.6E-03 

B 

1.5E-05 

W 

Soil  Total 

Combined 

7.8E-01 

B 

8.1E-05 

m 

8.9E-02 

B 

4.8E-05 

m\ 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer  | 

Air  (vapors)  Total 

inhalation 

6.8E-04 

1.6E-07 

B 

1.5E-04 

B 

1.7E-07 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  I 

Noncancer 

Cancer 

Noncancer 

Cancer 

Groundwater 

Ingestion 

2.1E+01 

y 

9.9E-04 

y 

8.8E-K)0 

H 

2.1E-03 

E 

Inhalation 

- 

y 

.. 

H 

B 

- 

2.5E-02 

y 

1.5E-05 

D 

L4E-02 

B 

8.3E-06 

GW  Total 

Combined 

2.1E401 

B 

l.OE-03 

11 

8.9E-H)0 

11 

2.1E-03 

11 

MEDIA 

ROUTE 

1  CHILDREN 

1  ADULTS  1 

1  Noncancer 

Cancer 

1  Noncancer 

Cancer 

Filtered 

Ingestion 

7.0E-01 

B 

2.0E-05 

w 

3.0E-01 

B 

4.3E-05 

w 

Groundwater 

Inhalation 

- 

- 

- 

- 

- 

- 

-- 

- 

9.3E-04 

B 

B 

5.0E-04 

B 

1.7E-07 

B 

FGW  Total 

ICombined 

7.0E-01 

B 

2.0E-05 

m 

3.0E-01 

B 

4.3E-05 

m\ 

iTOTAL  * 

1  2.1E+01 

lO 

1.1E.03 

IB 

1  8.9E+00 

B 

2.2E-03 

Bl 

”B"  -  Below  EPA  human  noncancer  health  effects  target  (HI  <  1)  or  cancer  risk  (ELCR<  1  x  10-6) 

"W”  -  Within  EPA  target  cancer  risk  range  (ELCR  <==1x10-4  and  >=  1  x  10-6) 

"E"  -  Exceeds  EPA  human  noncancer  health  effects  target  (HI  >  1)  or  cancer  risks  (ELCR  >  1  x  lOE-4) 

♦  -  TOTAL  does  not  include  risks  from  filtered  groundwater 

—  No  results  are  available  for  this  route  because  detected  chemicals  do  not  easily  volatilize  and/or  have  no  EPA-approved  toxicity  values 
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TABLE  H-9.  RISK  FROM  SOIL  INGESTION  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-10.  RISK  FROM  SOIL  DERMAL  CONTACT  BV  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-13.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-14.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


1  ‘  Reasonable  Maximum  Exposure 
-  Most  Likely  Exposure 


TABLE  H-15.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178«h  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-16.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-17.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-18.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-19.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-20.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  2  -  FIRE  TRAINING  AREA  2, 178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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Table  H-33.  Risk  Estimate  Summary  -  RME  Risks 
Site  3  -  Leach  Field 

178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


CURRENT  -  OCCUPATIONAL 


MEDIA 

ROUTE 

B  ASE  PERSONNEL 

CONSTRUCTION  WORKER  | 

Noncancer 

Cancer 

Noncancer 

Cancer 

Soil 

Ingestion 

1.6E-02 

B 

4.0E-06 

W 

2.2E-01 

B 

3.9E-06 

W 

Dermal 

LOE-03 

B 

8.3E-07 

B 

2.8E-03 

B 

L7E-07 

B 

Soil  Total 

Combined 

1.7E-02 

B 

4.8E-06 

2.2E-01 

B 

4.0E-06 

Cl 

■ 

|TOTAL 

1.7E-02 

B 

4.8E-06 

2.2E-01 

0 

4.0E-06 

FUTURE  -  RESIDENTIAL 


MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Soil 

Ingestion 

5.9E-01 

B 

3.1E-05 

W 

6.3E-02 

B 

1.3E-05 

W 

Inhalation 

3.9E-07 

B 

L3E-08 

B 

8.3E-08 

B 

L4E-08 

B 

Dermal 

63E.03 

B 

l.lE-06 

W 

3.9E-03 

B 

3.5E-06 

W 

Soil  Total 

Combined 

6.0E-01 

B 

3.3E-05 

6.7E-02 

B 

1.7E-05 

Cl 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer  I 

Air  (vapors)  Total 

Inhalation 

1.9EM)4 

4.1E-05 

- 

3 

MEDU 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Groundwater 

Ingestion 

L2E-K)1 

E 

5.1E-04 

B 

5.0E+00 

B 

1.1E.03 

E 

Inhalation 

- 

„ 

H 

— 

B 

— 

— 

Dermal 

1.5E-02 

B 

2.0E-07 

il 

8.0E-03 

H 

5.3E-07 

B 

GW  Total 

Combined 

1.2E+01 

il 

5.1E-04 

B 

S.OE+OO 

B 

l.lE-03 

m 

[TOTAL 

1.2E+01 

Q 

5.4E-04 

E 

5.1E+00 

B 

l.lE-03 

0 

"B" » Below  EPA  human  noncancer  health  effects  target  (HI  <  1)  or  cancer  risk  (ELCR  <  1  x  10-6) 

"W"  -  Within  EPA  target  cancer  risk  range  (ELCR  <=1x10-4  and  >=  1  x  10-6) 

"E"  -  Exceeds  EPA  human  noncancer  health  effects  target  (HI  >  1)  or  cancer  risks  (ELCR  >  1  x  lOE-4) 

—  No  results  are  available  for  this  route  because  detected  chemicals  do  not  easily  volatilize  and/or  have  no  EPA-approved  toxicity  values 
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TABLE  H-34.  RISK  FROM  SOIL  INGESTION  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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EPC  -  Exposure  Point  Concentration 
UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RID  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-35.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  3  -  LEACH  FIELD,  I78th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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ql  -  Cancer  Slope  Factor 
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TABLE  H-38.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-39.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-40.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-41.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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WOE  -  Cancer  Wei^t  of  Evidence 
RiD  -  Reference  Dose 
q]  •  Cancer  Slope  Factor 


TABLE  H-42.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178lh  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-43.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-44.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  ADULT  -  FUTURE  COIVDITIONS 
SITE  3  -  LEACH  FIELD,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-45.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  3  -  LEACH  FIELD,  178tfa  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


H-51 


lli 
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H-55 


H-57 


Table  H-52.  Risk  Estimate  Summary  -  RME  Risks 
Site  5  -  Ramp  Drainage  Ditch 

178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


CURRENT  -  OCCUPATIONAL 


MEDIA 

ROUTE 

BASE  PERSONNEL 

1  CONSTRUCTION  WORKER  | 

Noncancer 

Cancer 

Noncancer 

Cancer  I 

Soil 

Ingestion 

2.3E-02 

B 

2.2E-05 

W 

2.9E-01 

B 

2.1E-05 

W 

Dermal 

2.2E-03 

B 

1.2E-05 

w 

5.7E-03 

B 

2.3E-06 

W 

Soil  Total 

Combined 

2.6E-02 

B 

3.4E-05 

3.0E-01 

B 

2,4E-05 

KfM\ 

|TOTAL 

2.6E-02 

B 

3.4E-05 

3.0E-01 

B 

2.4E-05 

■ 

FUTURE  -  RESIDENTIAL 


MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer  I 

Soil 

Ingestion 

8.0E-01 

B 

L8E-04 

E 

8.5E-02 

B 

7.5E-05 

W 

Inhalation 

2.9E-07 

B 

1.3E-08 

B 

6.2E-08 

B 

L4E-08 

B 

Dermal 

L3E-02 

B 

L6E-05 

W 

8.0E-03 

B 

4.9E-05 

W 

Soil  Total 

Combined 

S.IE-Ol 

B 

1.9E-04 

11 

9.3E-02 

B 

1.2E-04 

B 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Air  (vapors)  Total 

Inhalation 

_ = _ Ll 

_ = _ L“ 

_ - _ Ll 

_  -I- 

[TOTAL 

8.1E-01  1  B 

■Bmii 

9.3E-02  B 

mEMmm 

"B”  -  Below  EPA  human  noncancer  health  effects  target  (HI  <  1)  or  cancer  risk  (ELCR  <  1  x  10-6) 

"W"  -  Within  EPA  target  cancer  risk  range  (ELCR  <=  1x10-4  and  >=  1  x  10-6) 

"E”  -  Exceeds  EPA  human  noncancer  health  effects  target  (HI  >  1)  or  cancer  risks  (ELCR  >  1  x  lOE-4) 

-  No  results  are  available  for  this  route  because  detected  chemicals  do  not  easily  volatilize  and/or  have  no  EPA-approved  toxicity  values 
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TABLE  H-53,  RISK  FROM  SOIL  INGESTION  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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EPC  -  Exposure  Point  Concentration 
UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-S4.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
SITE  S  -  RAMP  DRAINAGE  DITCH,  178Ih  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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EPC  -  Exposure  Point  Concentration 
UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RID  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-57.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  CHILD  .  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-58.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178fh  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-59.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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EPC  -  Exposure  Point  Concentration 
UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  .Cancer  Slope  Factor 


TABLE  H-60.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-61.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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EPC  -  Exposure  Point  Concentration 
UF  -  Non  cancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-62.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  I78th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-63.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-64.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
SITE  5  -  RAMP  DRAINAGE  DITCH,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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Table  H-65.  Risk  Estimate  Summary  -  RME  Risks 
Background 

178tli  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


CURRENT  -  OCCUPATIONAL 


MEDIA 

ROUTE 

BASE  PERSONNEL 

CONSTRUCTION  WORKER  I 

Noncancer 

Cancer 

Noncancer 

Cancer 

Soil 

Ingestion 

L7E-02 

B 

3.1E-06 

W 

2.1E-01 

B 

3.0E-06 

W 

Dermal 

LOE-03 

B 

3.4E-07 

B 

2.6E-03 

B 

6.8E-08 

B 

Soil  Total 

Combined 

1.8E-02 

B 

3.4E-06 

KM 

2.1E-01 

B 

3.0E-06 

1^ 

[TOTAL 

1  L8E-02 

B 

3.4E-06 

lOI 

2.1E-01 

B 

3.0E-06 

m 

FUTURE  -  RESIDENTIAL 


MEDIA 

ROLTTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Soil 

Ingestion 

5.7E-01 

B 

2.4E-05 

W 

6.1E-02 

B 

LOE-05 

W 

Inhalation 

8.8E-07 

B 

L2E-08 

B 

1.9E-07 

B 

1.3E-08 

B 

5.8E-03 

B 

4.6E-07 

B 

3,6E-03 

B 

L4E-06 

W 

Soil  Total 

Combined 

5.8E-01 

B 

2.5E-05 

6.5E-02 

B 

1.2E-05 

El 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Air  (vapors)  Total 

Inhalation 

3.4E-05  Tb" 

- 

7.4E-06  1  B 

MEDIA 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Groundwater 

Ingestion 

3.7E-K)0 

B 

L8E-04 

B 

L6E+00 

B 

3.9E-04 

B 

Inhalation 

~ 

B 

B 

— 

B 

B 

Dermal 

4.3E-03 

11 

2.4E-07 

B 

2.3E-03 

B 

6.4E-07 

B 

GW  Total 

Combined 

3.7E+00 

11 

1.8E-04 

B 

1.6E+00 

B 

3,9E-04 

B 

MEDIA 

ROUTE 

CHILDREN 

ADULTS  1 

Noncancer 

Cancer 

Noncancer 

Cancer 

Filtered 

Ingestion 

3.0E-01 

B 

.. 

B 

1.3E-01 

B 

— 

B 

Groundwater 

Inhalation 

- 

B 

- 

B 

B 

B 

Dermal 

4.0E-04 

B 

- 

B 

2.2E-04 

B 

— 

B 

FGW  Total 

Combined 

3.0E-01 

B 

- 

-- 

lJE-01 

B 

[TOTAL 

4.3E+00 

B 

2.1E-04 

B 

1.6E+00 

B 

4.0E-04 

m 

-  Below  EPA  human  noncancer  health  effects  target  (HI  <  1)  or  cancer  risk  (ELCR  <  1  x  10-6) 

"W"  -  Within  EPA  target  cancer  risk  range  (ELCR  <=1x10-4  and  >=  1  x  10-6) 

"E"  -  Exceeds  EPA  human  noncancer  health  effects  target  (HI  >  1)  or  cancer  risks  (ELCR  >1x1  OE-4) 

-  No  results  are  available  for  this  route  because  detected  chemicals  do  not  easily  volatilize  and/or  have  no  EPA-approved  toxicity  values 
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TABLE  H-66.  RISK  FROM  SOIL  INGESTION  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-67.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  BASE  PERSONNEL  -  CURRENT  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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WOE  -  Cancer  Weight  of  Evidence 
RfD  •  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H.68.  RISK  FROM  SOIL  INGESTION  BY  CONSTRUCTION  WORKER  -  CURRENT  CONDITIONS 
_ BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO _ 

Noncarcinogenic  Carcinogenic 

Exposure  Point  _ Effects:  _  _  Effects: 
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WOE  -  Cancer  Wei^t  of  Evidence 
RfD  -  Reference  Dose 
q!  -  Cancer  Slope  Factor 


TABLE  H-70.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178Ih  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-71.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


H-77 


UF  -  Noncanccr  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-72.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


TABLE  H-73.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  CHILD  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 


H-79 


EPC  -  Exposure  Point  Concentration 
UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Wei^t  of  Evidence 
RfD  -  Reference  Dose 
q!  -  Cancer  Slope  Factor 


TABLE  H-74.  RISK  FROM  SOIL  INGESTION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-75.  RISK  FROM  SOIL  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD  -  Reference  Dose 
ql  -  Cancer  Slope  Factor 


TABLE  H-76.  RISK  FROM  SOIL  DERMAL  CONTACT  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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TABLE  H-77.  RISK  FROM  VAPOR  INHALATION  BY  RESIDENT  ADULT  -  FUTURE  CONDITIONS 
BACKGROUND  SITE,  178th  TACTICAL  FIGHTER  GROUP,  SPRINGFIELD  ANGB,  SPRINGFIELD,  OHIO 
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UF  -  Noncancer  Uncertainty  Factor 
WOE  -  Cancer  Weight  of  Evidence 
RfD '  Reference  Dose 
ql  -  Cancer  Slope  Factor 
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Table  H-90.  LEAD  0.6  Uptake/Biokinetic  Model  Assumptions'’  and  Results 
178"’  Tactical  Fighter  Group,  SpringDeld  ANGB,  SpringHeld,  Ohio 
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TABLE  H-9L  Volatilization  Factors  (VF)  for  Site  2 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
(calculated  from  RAGS,  Part  B) 
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TABLE  H-92.  Volatilization  Factors  (VF)  for  Site  3 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
(calculated  from  RAGS,  Part  B) 
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TABLE  H-93.  Volatilization  Factors  (VF)  for  Site  5 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
(calculated  from  RAGS,  Part  B) 
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g  -  Groundwater  Chemicals  Desk  Reference 
h  -  alpha  =  (Drf  ♦  E)/(E+(p,)(l-E)/K  J 


TABLE  H-94.  Volatilization  Factors  (VF)  for  Background 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
(calculated  from  RAGS,  Part  B) 
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Figure  H-1.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Site  2  -  Fire  Training  Area  2 

178*  Tactical  Fighter  Group,  SpringHeld-Beckley  Municipal  Airport,  SpringHeld,  Ohio 


ABSORPTION  METHODOLOGY :  Non-Linear  Active-Passive 

AIR  CONCENTRATION:  0.000  ug  Pb/m3 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 

Other  AIR  Parameters: 


Time  Outdoors  (hr) 

Vent.  Rate  (m3/day) 

Lung  Abs.  (%) 

0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3.0 

5.0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4.0 

5.0 

32.0 

5-6 

4.0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET:  DEFAULT 


DRINKING  WATER  Cone:  197.00  ug  Pb/L 
WATER  Consumption:  DEFAULT 

SOIL  &  DUST: 

Soil:  constant  cone. 

Dust:  constant  cone. 


Age  Soil  (ug  Pb/g)  House  Dust  (ug  Pb/g) 


0-1 

72.6 

72.6 

1-2 

72.6 

72.6 

2-3 

72.6 

72.6 

3-4 

72.6 

72.6 

4-5 

72.6 

72.6 

5-6 

72.6 

72.6 

6-7 

72.6 

72.6 

Additional  Dust  Sources:  None 

DEFAULT 

PAINT  Intake: 

0.00  ug  Pb/day 

DEFAULT 

MATERNAL  CONTRIBUTION: 

Infant  Model 

Maternal  Blood  Cone:  7.50  ug  Pb/dL 
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Figure  H-1  (continued) 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


Blood  Level 
YEAR  (ug/dL) 

Total  Uptake 
(ug/day) 

Soil -b  Dust  Uptake 
(ug/day) 

0.5-1: 

7.66 

24.49 

1.85 

1-2: 

13.05 

55.15 

2.94 

2-3: 

15.77 

57.55 

2.94 

3-4: 

16.66 

58.43 

2.94 

4-5: 

17.62 

59.53 

2.18 

5-6: 

18.16 

62.46 

1.96 

6-7: 

18.42 

63.71 

1.85 

Diet  Uptake 

Water  Uptake 

Paint  Uptake 

Air  Uptake 

YEAR  (ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1 

2.94 

19.70 

0.00 

0.00 

1-2 

2.96 

49.25 

0.00 

0.00 

2-3 

3.40 

51.22 

0.00 

0.00 

3-4 

3.29 

52.20 

0.00 

0.00 

4-5 

3.18 

54.17 

0.00 

0.00 

5-6 

3.38 

57.13 

0.00 

0.00 

6-7 

3.74 

58.11 

0.00 

0.00 
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PROBABILITV  PERCENT  Probability 


Figure  H-2,  LEAD  0.6  Uptake/Biokinetic  Model  Results: 
Site  2  -  Fire  Training  Area  2,  178*  Tactical  Fighter  Group, 
Springfield-Beckley  Municipal  Airport,  Springfield,  Ohio 


72  to  84  NontK« 


72  to  84  Honthm 
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Figure  H-3.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Site  3  -  Leach  Field 

lys***  Tactical  Fighter  Group,  Springfleld-Beckley  Municipal  Airport,  Springfield,  Ohio 


ABSORPTION  METHODOLOGY:  Non-Linear  Active-Passive 

AIR  CONCENTRATION:  0.000  ug  Pb/m3 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 

Other  AIR  Parameters: 

Age  Time  Outdoors  (hr)  Vent.  Rate  (m3/day)  Lung  Abs.  (%) 


0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3.0 

5.0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4.0 

5.0 

32.0 

5-6 

4.0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET: 

DEFAULT 

DRINKING  WATER  Cone:  62.40  ug  Pb/L 
WATER  Consumption:  DEFAULT 

SOIL  &  DUST: 

Soil:  constant  cone. 

Dust:  constant  cone. 


Soil  (ug  Pb/g) 

House  Dust  (ug  Pb/g) 

0-1 

47.4 

47.4 

1-2 

47.4 

47.4 

2-3 

47.4 

47.4 

3-4 

47.4 

47.4 

4-5 

47.4 

47.4 

5-6 

47.4 

47.4 

6-7 

47.4 

47.4 

Additional  Dust  Sources:  None  DEFAULT 

PAINT  Intake:  0.00  ug  Pb/day  DEFAULT 

MATERNAL  CONTRIBUTION:  Infant  Model 
Maternal  Blood  Cone:  7.50  ug  Pb/dL 
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Figure  H-3  (continued) 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


Blood  Level  Total  Uptake  Soil + Dust  Uptake 

YEAR  (ug/dL)  (ug/day)  (ug/day) 


0.5-1 

3.59 

10.39 

1.21 

1-2 

5.07 

20.48 

1.92 

2-3 

5.91 

21.54 

1.92 

3-4 

6.20 

21.74 

1.92 

4-5 

6.48 

21.76 

1.42 

5-6 

6.61 

22.75 

1.28 

6-7 

6.71 

23.36 

1.21 

Diet  Uptake 

Water  Uptake 

Paint  Uptake 

Air  Uptake 

YEAR 

(ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1: 

2.94 

6.24 

0.00 

0.00 

1-2: 

2.96 

15.60 

0.00 

0.00 

2-3: 

3.40 

16.22 

0.00 

0.00 

3-4: 

3.29 

16.54 

0.00 

0.00 

4-5: 

3.18 

17.16 

0.00 

0.00 

5-6: 

3.38 

18.10 

0.00 

0.00 

6-7: 

3.74 

18.41 

0.00 

0.00 
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Figure  H-4.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Site  3  -  Leach  Field,  178“*  Tactical  Fighter  Group, 
Springfield-Beckley  Municipal  Airport,  Springfield,  Ohio 


72  to  84  Hontk* 


H-106 


Figure  H-5.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Site  5  -  Ramp  Drainage  Ditch 

ITS***  Tactical  Fighter  Group,  Springfleld-Beckley  Municipal  Airport,  SpringHeld,  Ohio 


ABSORPTION  METHODOLOGY :  Non-Linear  Active-Passive 


Age 


AIR  CONCENTRATION:  0.000  ug  Pb/m3 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 
Other  AIR  Parameters: 


Time  Outdoors  (hr) 

Vent.  Rate  (m3/day) 

Lung  j 

0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3.0 

5.0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4.0 

5.0 

32.0 

5-6 

4.0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET:  DEFAULT 


DRINKING  WATER  Cone:  4.00ugPb/L  DEFAULT 
WATER  Consumption:  DEFAULT 

SOIL  &  DUST: 

Soil:  constant  cone. 

Dust:  constant  cone. 


Age  Soil  (ug  Pb/g)  House  Dust  (ug  Pb/g) 


0-1 

255.9 

255.9 

1-2 

255.9 

255.9 

2-3 

255.9 

255.9 

3-4 

255.9 

255.9 

4-5 

255.9 

255.9 

5-6 

255.9 

255.9 

6-7 

255.9 

255.9 

Additional  Dust  Sources:  None 

DEFAULT 

PAINT  Intake: 

0.00  ug  Pb/day 

DEFAULT 

MATERNAL  CONTRIBUTION: 

Infant  Model 

Maternal  Blood  Cone:  7.50  ug  Pb/dL 
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Figure  H-5  (continued) 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


Blood  Level 

Total  Uptake 

SoiH-Dust  Uptake 

YEAR  (ug/dL) 

(ug/day) 

(ug/day) 

0.5-1 

:  3.44 

9.87 

6.53 

1-2 

3.86 

14.32 

10.36  ' 

2-3 

4.14 

14.80 

10.36 

3-4 

4.25 

14.71 

10.36 

4-5 

3.97 

11.96 

7.68 

5-6 

3.60 

11.44 

6.91 

6-7: 

3.42 

11.45 

6.53 

Diet  Uptake 

Water  Uptake 

Paint  Uptake 

Air  Uptake 

YEAR 

(ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1 

2.94 

0.40 

0.00 

0.00 

1-2 

2.96 

1.00 

0.00 

0.00 

2-3 

3.40 

1.04 

0.00 

0.00 

3-4 

3.29 

1.06 

0.00 

0.00 

4-5 

3.18 

1.10 

0.00 

0.00 

5-6 

3.38 

1.16 

0.00 

0.00 

6-7 

3.74 

1.18 

0.00 

0.00 
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Figure  H-6.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 
Site  5  -  Ramp  Drainage  Ditch,  178*  Tactical  Fighter  Group, 
Springfield-Beckley  Municipal  Airport,  Springfield,  Ohio 
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Figure  H-7.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Background  (total  lead  concentration  in  groundwater) 

178“*  Tactical  Fighter  Group,  Springfield-Beckley  Municipal  Airport,  SpringBeld,  Ohio 


ABSORPTION  METHODOLOGY:  Non-Linear  Active-Passive 


Age 


AIR  CONCENTRATION:  0.000  ug  Pb/m3 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 
Other  AIR  Parameters: 


Time  Outdoors  (hr)  Vent.  Rate  (m3/day)  Lung  Abs.  (%) 


0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3.0 

5.0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4.0 

5.0 

32.0 

5-6 

4.0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET:  DEFAULT 

DRINKING  WATER  Cone:  65.20  ug  Pb/L 
WATER  Consumption:  DEFAULT 

SOIL  &  DUST: 

Soil:  constant  cone. 

Dust:  constant  cone. 


Age  Soil  (ug  Pb/g) 

House  Dust  (ug  Pb/g) 

0-1 

70.4 

70.4 

1-2 

70.4 

70.4 

2-3 

70.4 

70.4 

3-4 

70.4 

70.4 

4-5 

70.4 

70.4 

5-6 

70.4 

70.4 

6-7 

70.4 

70.4 

Additional  Dust  Sources: 

None  DEFAULT 

PAINT  Intake:  0.00  ug  Pb/day  DEFAULT 

MATERNAL  CONTRIBUTION:  Infant  Model 
Maternal  Blood  Cone:  7.50  ug  Pb/dL 
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Figure  H-7  (continued) 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


Blood  Level 

Total  Uptake 

SoiH-Dust  Uptake 

YEAR 

(ug/dL) 

(ug/day)  (ug/day) 

0.5-1 

3.84 

11.26 

1.80 

1-2 

5.47 

22.11 

2.85 

2-3 

6.37 

23.20 

2.85 

3-4 

6.68 

23.42 

2.85 

4-5 

6.95 

23.22 

2.11 

5-6 

7.06 

24.19 

1.90 

6-7 

7.13 

24.77 

1.80 

Diet  Uptake  Water  Uptake 

Paint  Uptake 

Air  Uptake 

YEAP 

(ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1 

: 

2.94 

6.52 

0.00 

0.00 

1-2 

2.96 

16.30 

0.00 

0.00 

2-3 

3.40 

16.95 

0.00 

0.00 

3-4 

3.29 

17.28 

0.00 

0.00 

4-5 

3.18 

17.93 

0.00 

0.00 

5-6 

3.38 

18.91 

0.00 

0.00 

6-7 

3.74 

19.23 

0.00 

0.00 
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Figure  H-8.  LEAD  0.6  Uptake/Biokmetic  Model  Results: 
Background  (total  lead  concentration  in  groundwater) 
178*  Tactical  Fighter  Group, 
Springfield-Beckley  Municipal  Airport,  Springfield,  Ohio 
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Figure  H-9.  LEAD  0.6  Uptake/Biokinetic  Model  Results: 

Background  (dissolved  lead  concentration  in  groundwater) 

178*  Tactical  Fighter  Group,  SpringHeld-Beckley  Municipal  Airport,  SpringHeld,  Ohio 


ABSORPTION  METHODOLOGY:  Non-Linear  Active-Passive 

AIR  CONCENTRATION:  0.000  ug  Pb/m3 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 

Other  AIR  Parameters: 


Time  Outdoors  (hr) 

Vent.  Rate  (m3/day) 

Lung  Abs. 

0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3.0 

5.0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4.0 

5.0 

32.0 

5-6 

4.0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET:  DEFAULT 


DRINKING  WATER  Cone:  5.70  ug  Pb/L 
WATER  Consumption:  DEFAULT 

SOIL  &  DUST: 

Soil:  constant  cone. 

Dust:  constant  cone. 


Age  Soil  (ug  Pb/g) 


0-1 

70.4 

1-2 

70.4 

2-3 

70.4 

3-4 

70.4 

4-5 

70.4 

5-6 

70.4 

6-7 

70.4 

House  Dust  (ug  Pb/g) 

70.4 

70.4 

70.4 

70.4 

70.4 

70.4 

70.4 


Additional  Dust  Sources:  None  DEFAULT 
PAINT  Intake:  0.00  ug  Pb/day  DEFAULT 


MATERNAL  CONTRIBUTION:  Infant  Model 
Maternal  Blood  Cone:  7.50  ug  Pb/dL 


Figure  H-9  (continued) 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


Blood  Level 

Total  Uptake 

Soil + Dust  Uptake 

YEAR 

(ug/dL) 

(ug/day)  (ug/day) 

0.5-1 

2.13 

5.31 

1.80 

1-2 

2.05 

7.24 

2.85 

2-3 

2.15 

7.73 

2.85 

3-4 

2.21 

7.65 

2.85 

4-5 

2.17 

6.86 

2.11 

5-6 

2.08 

6.93 

1.90 

6-7 

2.08 

7.22 

1.80 

Diet  Uptake  Water  Uptake 

Paint  Uptake 

Air  Uptak 

YEAR 

(ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1 

2.94 

0.57 

0.00 

0.00 

1-2 

2.96 

1.43 

0.00 

0.00 

2-3 

3.40 

1.48 

0.00 

0.00 

3-4 

3.29 

1.51 

0.00 

0.00 

4-5 

3.18 

1.57 

0.00 

0.00 

5-6 

3.38 

1.65 

0.00 

0.00 

6-7 

3.74 

1.68 

0.00 

0.00 
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Figure  H-10,  LEAD  0.6  Uptake/Biokinetic  Model  Results 
Background  (dissolved  lead  concentration  in  groundwater) 
178*  Tactical  Fighter  Group, 
Springfield-Beckley  Municipal  Airport,  Springfield,  Ohio 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  outline  the  activities  associated  with  mobilization 
and  demobilization  activities  for  field  investigations. 


2.0  SCOPE 

2.1  This  procedure  applies  to  all  field  investigation  activities  commencing  with  the  notice  to 
proceed  and  ending  with  the  completion  of  all  field  activities. 

22  It  is  neither  the  intent  of  this  procedure  to  fully  detail  all  actions  required  for 
mobilization  and  demobilization  nor  define  a  specific  methodology,  but  rather  offer  general 
points  that  should  be  considered  in  formulating  a  specific  mobilization  and  demobilization 
plan.  Mobilization  and  demobilization  activities  are  specific  to  the  planned  field  activities. 

3.0  REQUIREMENTS 

In  order  to  efficiently  implement  a  field  investigation,  specific  tasks  must  be 
accomplished  in  an  orderly  fashion  prior  to  actual  field  work  (mobilization)  and  after  field 
work  has  been  completed  (demobilization). 

4.0  REFERENCES 

4.1  HAZWRAP,  November  1987,  Implementation  Plan,  Quality  Assurance  Requirements, 
DOE/HWP-38 

4.2  HAZWRAP,  February  1989.  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

5.0  DEnNmONS 
None. 

6.0  RESPONSIBILITIES 
6.1  Project  Manager 

The  Project  Manager  is  responsible  for  compiling  a  list  of  required  test  and  analytical 
equipment,  tools  for  installation  procedures,  and  ancillary  supplies.  It  is  necessary  for  him  to 
locate  sources  and  manufacturers  of  the  test  equipment,  initiate  purchase  or  lease  agreements. 
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negotiate  with  the  client  for  equipment  purchases,  and  arrange  laboratory  space.  He  must 
make  arrangements  for  special  activities,  i.e.,  transport  and  rigging  of  heavy  and  oversized 
equipment,  etc. 

6J2  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  field  purchase  of  equipment  and  tools, 
maintaining  equipment  logging,  and  ensuring  adequate  quantities  of  supplies.  During 
demobilization,  he  must  supervise  packing  of  equipment  for  shipment,  make  arrangements  for 
transport,  and  ensure  all  equipment  and  supplies  are  accounted  for. 

7.0  EQUIPMENT 

None  specified. 

8.0  PROCEDURE 
8.1  Mobilization 

Mobilization  is  a  process  that  begins  with  the  Notice  to  Proceed  and  ends  with  the 
initiation  of  field  activities.  The  time  and  effort  that  goes  into  a  mobilization  plan  will  be 
realized  in  an  efficient  and  timely  field  investigation. 

The  many  tasks  to  be  considered  include: 

.  Ordering  and  procuring  items  of  a  specialized  nature  or  where  a  long 
lead  time  may  effect  the  schedule.  In  many  cases,  the  lead  time  may 
exceed  the  period  between  Notice  to  Proceed  and  initiation  of  work.  It 
may  be  necessary  to  pre-order  the  item,  on  a  risk  basis,  or  re-schedule  the 
initiation  of  work  relative  to  the  delivery  of  long-lead  time  items. 

.  Perform  a  thorough  review  of  the  business  and  cost  proposal  to 
determine  if  additional  items  may  be  needed.  This  should  be  discussed 
with  the  personnel  assigned  to  field  activities.  If  additional  items  are 
required,  the  client  should  be  notified  and  depending  on  the  contraa 
type,  changes  initiated. 

.  Office  and  Work  Space:  If  possible,  survey  the  office  area  to  determine 
furmture  requirements:  lighting  and  electrical  requirements,  especially  if 
computers  or  specialized  equipment  must  be  operated;  facilities  such  as 
water  and  restrooms;  and  storage  areas  for  equipment  and  packing 
cartons. 

.  Pereonnel  Assignments:  Inform  personnel  of  the  date,  location  and 
activity  required  to  be  performed.  Instruct  personnel  as  to  travel 
arrangements,  motel  stays,  meal  allowances,  per  diem,  receipt 
requirements,  etc.  Provide  administrative  support  such  as  copies  of  time 
sheets  and  expense  reports  so  that  these  items  are  available  at  the  field 
location. 
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Locate  sources  for  field  purchased  items  and  supplies:  Establish  accounts 
wth  firm  t^t  ^e  able  to  supply  a  large  percentage  of  the  items  required 
mr  field  activiues.  This  should  be  done  with  input  from  the  Subcontract 
Administrator  so  that  consideration  can  be  given  to  small  and/or 
disadvantaged  businesses.  While  it  may  be  possible  to  find  a  particular 
Item  at  a  lower  cost  by  contacting  many  different  sources,  it  is  often  more 
cost-effective  to  minimize  the  number  of  suppliers.  A  schedule  for 
purchase  of  frequently  used  disposal  items  should  also  be  established. 

l^tablish  a  system  for  reconciling  payment  of  field-purchased  equipment.- 
This  may  mclude  sending  a  copy  of  receipts  to  the  home  office  and 
establishing  and  implementing  a  system  of  purchase  order  numbers  by 


Esublish  M  inventory  system  of  disposal  and  non-disposable  items  to 
mclude  a  final  disposition  plan  for  all  non-disposable  items. 

•  Specific  requirements  should  be  detailed  for  mobilization  of 
subcon^ttc^  to  include  drilling  contractors,  analytical  laboratories  and 
speaalized  field  mvestigation  companies.  Activities  to  be  considered 
mclude  transportation,  decontamination,  orientation  and  badgme.  and 
mmal  set-up. 

.  Test  and  calibrate  all  equipment  to  ensure  operational  readiness. 

.  Perfqim  a  documented  readiness  review,  prior  to  initiation  of  field 
activities.  Risk  management  shall  be  applied  wherein  programmatic  and 
techmcal  elements  of  proje^  shall  be  assessed  and  preventive  actions 
taken  to  ensme  that  the  risk  of  achieving  objectives  is  known  and  is 
acceptable.  Potentially  significant  problems  that  could  have  a  significant 
mpact  shall  be  identified  and  preventive  action  plans  developed  and 
implemented. 

8^  Demobilization 

Demobilization  includes  all  activities  necessary  to  transfer  all  materials  and  suppliers 
after  completion  of  field  activities.  Activities  to  be  considered  include: 

.  Specif  conrideration  should  be  given  to  the  thorough  completion  of  field 
activities  before  demobilizing.  Preliminary  demobilization  efforts  may  be 
imdert^en  but  all  materials  and  supplies  necessary  for  field  activities 
should  be  retained  until  field  activities  are  complete. 

.  A  review  of  records  and  thorough  inspection  of  equipment  to  ensure  all 
equipment  has  been  decontaminated. 

•  Specif  equipment,  electronic  equipment  and  other  non-disposal  items 
must  be  adequately  packed  and  crated  for  shipment.  A  plan  for  transfer 
or  storage  of  non-disposal  items  should  be  finalized. 
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.  Remaining  disposal  items  should  be  inventoried  and  packaged  for 
transfer  or  storage. 

.  Field  ofBce  files  and  field  documentation  should  be  inventoried  and  filing 
status  verified  before  transfer  to  the  home  office.  Many  of  these  field 
documents  will  be  necessa^  in  writing  reports  of  field  activities. 

9.0  ATTACHMENTS 

None. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  detail  the  nunimum  requirements  for  the  proper 
generation  and  maintenance  of  logbooks  used  during  the  performance  of  a  field  investigation. 

2.0  SCOPE 

This  procedure  applies  to  the  following  logbooks  when  required  to  be  maintained 
during  the  performance  of  a  field  investigation: 

1.  Site  Logbook. 

2.  Field  Operations  Leader  Logbook. 

3.  Health  and  Safety  Logbook. 

4.  Field  Equipment  Logbook. 

5.  Decontamination  Logbook. 

6.  Photographs. 

3.0  REQUIREMENTS 

Logbooks  are  initiated  at  the  start  of  the  first  on-site  activity  (e.g.,  initial  reconnaissance 
survey).  Entries  are  .made  each  day  that  on-site  activities  take  place  which  involve 
Engineering-Science  (ES)  or  subcontractor  personnel.  A  current  logbook  is  maintained 
throughout  the  field  effort  for  each  activity. 

The  site  logbook  becomes  part  of  the  permanent  project  file.  Because  information 
contained  in  the  site  logbook  may  be  admitted  as  evidence  in  cost  recovery  or  other  litigration, 
it  is  critical  that  this  document  be  properly  maintained. 

4.0  REFERENCES 

4.1  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods 
DOE/HWP-69. 
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S.O  DEFINITIONS 


Logbook  -  The  logbook  is  a  bound  notebook  with  consecutively  numbered  pages  that 
cannot  be  removed.  Upon  entry  of  data,  the  logbook  requires  signature  by  the  responsible 
individual. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  site  logbook  is  issued  by  the  Project  Manager  to  the  Field  Operations  Leader  or 
other  person  responsible  for  the  direction  of  on-site  activities  (e.g..  Reconnaissance  Survey 
Team  Leader,  Sampling  Team  Leader).  It  is  the  responsibility  of  this  person  (or  his  designee) 
to  keep  the  site  logbook  current  while  in  his  possession,  and  return  it  to  the  Project  Manager 
or  mm  it  over  to  another  field  teaim  Following  the  completion  of  all  fieldwork,  the  site 
logbook  is  remmed  to  the  Project  Manager  for  inclusion  in  the  permanent  project  files. 

62  Field  Operations  Leader 

Field  logbooks  are  issued  by  the  Field  Operations  Leader  to  the  person  responsible  for 
on-site  activities.  It  is  the  responsibility  of  this  person  to  keep  the  logbook  current  while  in  his 
possession  and  return  it  to  the  Field  Operations  Leader  following  completion  of  all  fieldwork 
or  when  the  logbook  is  full  and  a  replacement  logbook  is  needed. 

7.0  EQUIPMENT 
None  specified. 

8.0  PROCEDURE 

8.1  General 

The  cover  of  each  logbook  will  contain  the  following  information: 

.  project  name  and  HAZWRAP  Work  Assignment  Number; 

.  project  number; 

.  Project  Manager’s  name; 

.  sequential  book  number; 

.  start  date;  and 

.  end  date. 

All  entries  should  be  made  in  black  pen.  No  erasures  are  permitted.  If  an  incorrect 
entry  is  made,  the  data  should  be  crossed  out  with  a  single  strike  mark  so  as  not  to  be 
obliterated  and  initialed  and  dated.  At  the  completion  of  entries  by  any  individual,  the 
logbook  must  be  signed  at  the  bottom  of  every  page. 
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8^  Site  Logbook 

The  site  logbook  is  a  controlled  document  which  records  all  major  on-site  activities 
during  a  field  investigation.  At  a  minimum,  the  following  activities  or  events  should  be 
recorded  in  ±e  site  logbook: 

,  arrival  and  departure  of  site  visitors; 

.  arrival  and  departure  of  equipment; 

.  sample  pick-up  (e.g.  chain-of-custody  form  numbers,  carrier,  time); 

.  sampling  activities  and  sample  logsheet  numbers; 

.  start  or  completion  of  borehole,  trench  or  monitoring  well  installation  or 
sampling  activities;  and 

health  and  safety  issues. 

Daily  entries  into  the  logbook  may  contain  a  variety  of  information.  At  the  beginning 
of  each  day  the  following  information  must  be  recorded: 

.  date; 

.  start  time; 

.  weather; 

all  field  personnel  present;  and 

.  any  visitors  present 

During  the  day,  a  summary  of  all  site  aaivities  and  level  of  personal  protection  should 
be  recorded  in  the  logbook.  The  information  need  not  duplicate  that  recorded  in  other  field 
logbooks  (e.g.,  sample  logbook,  Site  Geologist’s  logbook.  Health  and  Safety  Officer’s  logbook, 
etc.),  but  should  summarize  the  contents  of  these  other  logbooks  and  refer  to  the  page 
locations  in  these  logbooks  for  detailed  information.  An  example  of  a  site  logbook  page  is 
shown  in  Attachment  9.1. 

8  J  Field  Operations  Leader  Logbook 

The  requirements  for  the  field  logbooks  are  the  same  as  for  the  site  logbook,  except 
that  the  book  is  kept  up  to  date  in  real  time.  In  general,  these  books  never  leave  the  site  and 
are  sequentially  numbered,  if  more  than  one  are  used.  The  fi-ont  of  the  logbook  lists  the 
project  number  and  name,  the  name  of  the  contract  under  which  the  investigation  is  being 
conducted,  and  the  date(s)  of  use.  A  field  logbook  is  normally  used  by  the  rig  geologist  or  by 
the  Field  Operations  Leader  to  record  specific  details  of  each  task.  Although  the  field  logbook 
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contains  the  specific  field  information  being  collected  based  on  a  task,  the  number  of  the  field 
logbook  and  page  numbers  used  for  a  particular  day’s  performance  will  be  referenced  in  the 
site  logbook  to  include  a  brief  summary. 

8.4  Health  and  Safety  Logbook 

The  Health  and  Safety  logbook  is  used  to  document  protection  levels,  health  and  safety 
training  sessions  and  equipment  meter  readings  that  substantiate  protection  levels.  The 
Health  and  Safety  logbook  is  also  used  to  document  any  abnormal  occurrences  or  accidents. 
The  Health  and  Safety  Logbook  is  maintained  by  the  Project  Health  and  Safety  Officer  or  his 
designee. 

8.5  Field  Equipment  Logbook 

The  purpose  of  the  field  equipment  logbook  (FEL)  is  to  document  the  proper  use, 
maintenance,  and  calibration  of  field  testing  equipment.  Before  using  field  equipment,  the 
Field  Operations  Leader  (supervisor)  shall  inspect  and  approve  the  use  of  the  field  testing 
equipment  by  initialing  the  appropriate  page  in  the  FEL.  A  calibration  record  shall  be 
maintained  for  each  instrument  used  on-site  and  shall  be  kept  in  the  FEL. 

The  following  items  shall  be  tracked  in  the  FEL: 

.  equipment  calibration  status; 

.  equipment  decontamination  status; 

.  equipment  nonconformance;  and 

.  equipment  inspection  and  repair  records. 

The  person  using,  maintaining,  or  calibrating  field  equipment  shall  document  his  or  her 
actions  in  the  FEL.  Entries  shall  contain  the  following: 

.  names  and  signatures  of  persons  making  entry; 

.  date  of  entry; 

.  name  of  equipment  and  its  identifying  number; 

.  list  or  reference  of  procedure(s)  used  for  calibration  or  maintenance; 

.  manufacturer,  lot  number,  and  expiration  date  of  calibration  standards; 

Entries  in  the  log  shall  be  signed  and  dated  by  the  person(s)  making  the  entry.  Every 
page  in  the  log  will  be  signed  and  dated  by  the  field  supervisor.  This  signature  reflects  his  or 
her  review  and  approval  of  the  entry  validity. 

8.6  Decontamination  Logbook 

The  decontarmnation  logbook  is  used  to  document  the  proper  decontamination  of 
equipment  used  in  the  field  investigation.  Equipment  shall  be  documented  as  to  type,  serial 
number,  and  procedure  reference  or  description  of  decontamination  method  utilized.  Bulk 
items  (e.g.,  well  construction  materials,  soil  gas  probes,  etc.)  shall  also  be  identified  by  date  or 
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final  destination  for  installation. 

8.7  Photographs 

The  record  of  photographs  taken  at  a  site  for  the  purpose  of  project  documentation 
must  be  recorded  in  the  site  logbook  or  a  field  logbook.  When  movies,  slides,  or  photographs 
are  taken  of  a  site  or  any  monitoring  location,  they  are  numbered  to  correspond  to  logbook 
entries.  The  name  of  the  photographer,  date,  time,  site  location,  site  description,  and  weather 
conditions  are  entered  in  the  logbook  as  the  photographs  are  taken.  A  series  entry  may  be 
used  for  rapid-sequence  photographs.  The  photographer  is  not  required  to  record  the  aperture 
settings  and  shutter  speeds  for  photographs  taken  within  the  normal  automatic  exposure  range; 
however,  special  lenses,  films,  filters,  and  other  image -enhancement  techniques  must  be  noted 
in  the  logbook-  If  possible,  such  techniques  should  be  avoided,  since  they  can  adversely  affect 
the  admissibility  of  photographs  as  evidence.  Chain-of-custody  procedures  depend  upon  the 
subject  matter,  type  of  film,  and  the  processing  it  requires.  Film  used  for  aerial  photography, 
confidential  information,  or  criminal  investigations  require  chain-of-custody  procedures. 
Adequate  logbook  notations  and  receipts  may  be  used  to  account  for  routine  film  processing. 
Once  processed,  the  slides  of  photographic  prints  shall  be  serially  numbered  and  labeled 
according  to  the  logbook  descriptions. 

9.0  ATTACHMENTS 

9.1  Typical  Site  Logbook  Entry 


1-17 


ATTACHMENT  9.1 
FP  1-2 


typical  site  logbook  entry 


START  TIME:  08:00 

SITE  LEADER:  _ 

PERSONNEL:  ES 


DRILLER 


DATE:  09  June  1990 


EMR/OEPA 


WEATHER:  Qear,  68°F,  2-5  mph  wind  from  SE 
ACTIVITIES: 

1.  Steam  jenny  and  fire  hoses  were  set  up. 

2.  Drilling  activities  at  weU  resumed.  Rie  geologist  was 

-r~rr— - 1  ■  ^jeoioasfs  logbook.  Not.  1,  page  29-30,  for  details  of 

d^ngacuvity.  s^ple  Na  123-2 1-S4  collected;  see  sample  logbook,  page  42.  Drilling 
OTmpleted  at  11:50  and  a  4"  stainless  steel  well  installed.  See  Geologist’s 
logbook,  No.  1,  page  31,  and  well  construction  details  for  well  ^ 

W(S^^  ^  steam-cleaned  at  decontamination  pit  Then  set  up  at  location  of 

4.  WeU  drilled.  Rig  geologist  was  .  See 

11  acuviues.  Sample  numbers 

1^.22-51, 123-22-S2,  and  123-22-S3  collected;  see  sample  logbook,  pages  43, 44,  and 

- n _ developed.  Seven  55-gaUon  drums  were  filled  in  the  flushing 

fW-  laeweuwas  then  pumped  using  the  pitcher  pump  for  one  hour.  At  the  end  of 

the  hour,  water  pumped  from  well  was  "sand-free" 


^ - - lUA  uuc  nuui.  me  ena  or 

the  hour,  water  pumped  from  well  was  "sand-free". 

OEPA  arrives  on-site  at  14:25  hrs. 

^owrS^^^  “  steam-cleaned,  Backhoe  and  dump  truck  set 

_ •  dug  with  cuttings  placed  in  dump  truck.  Rig  geologist  was 

•  See  Geologist’s  logbook.  No.  1,  page  32,  for  details  of  test 
P^OTa5rrapit1uBsrmien%  filled.  No  samples  taken  &  cbenical  analysis.  Due 
to  fallow  ground-water  table,  Blmg  m  of  test  pit  resulted  in  a  veVv  soft 

and  wet  area.  A  mound  was  developed  and  the  arearbped  oE 

Bcpress  carrier  picked  up  samples  (see  Sample  Logbook,  pages  42  through  45)  at  17:50 
hrs.  Site  activities  terminated  at  18:22  hours.  All  personnel  off-site,  gate  locked. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  detail  responsibilities  for  site  clean-up  during  and  at 
completion  of  field  investigation  activities. 

2.0  SCOPE 

This  procedure  applies  to  test  sites,  approaches  to  test  sites,  decontamination  areas,  and 
equipment  staging  areas. 

3.0  REQUIREMENTS 

Each  site,  upon  completion  of  field  investigation  activities,  will  be  restored  as  closely  as 
possible  to  its  pre-investigation  condition  to  the  satisfaction  of  the  Base  point-of-contact. 

4.0  REFERENCES 
None. 

5.0  DEHNITIONS 
None. 

6.0  RESPONSIBILITIES 

The  Field  Operations  Leader  is  responsible  for  planning  and  scheduling  daily  activities 
to  include  site  clean-up.  In  addition,  at  the  completion  of  field  activities,  the  Field  Operations 
Leader  will  assure  that  all  areas  are  restored  to  pre-investigation  conditions. 

7.0  EQUIPMENT 
None  specified. 

8.0  PROCEDURE 

8.1  During  drilling  operations  and  at  the  end  of  each  day,  all  trash  and  debris  will  be 
collected  and  disposed  of  in  accordance  with  the  site-specific  work  plan. 

8.2  All  potentially  contaminated  cuttings  and  afferted  soils  will  be  placed  in  properly 
labeled,  sealed  openhead  55-gallon  steel  drums.  These  drums  will  be  retained  on-site  until  the 
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resxilts  of  chemical  analyses  are  obtained,  if  required.  The  cuttings  will  be  disposed  of  in 
accordance  with  the  site-specific  work  plan  depending  upon  the  results  of  the  analytical  data. 
83  All  non-contaminated  soils  will  be  placed  on  the  ground  and  spread  at  the  site. 

8.4  Upon  completion  of  field  investigation  activities,  any  damage,  such  as  rutting,  to  the  test 
site  or  adjacent  areas,  must  be  restored,  as  closely  as  possible,  to  its  original  condition  by  filling 
in,  leveling,  sodding,  seeding  and  mulching. 

83  As  field  activities  are  completed  and  areas  restored,  walkdowns  of  the  area  shall  be 
scheduled  with  the  client’s  representative.  Areas  shall  be  "cleared",  i.e.  no  further  action  is 
required,  or  a  punchlist  of  activities  shall  be  developed  and  implemented.  This  process  shall 
be  repeated  until  all  areas  are  "cleared". 

8.6  Site  clean-up  and  restoration  activities  should  be  included  in  the  report  of  daily 
activities  entered  in  the  site  logbook.  No  further  documentation  will  be  necessary. 

9.0  ATTACHMENTS 
None. 
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1.0  PURPOSE  ~  '  ^  “ 

“““  is  to  provide  reference  information  on  the  proper 

decontamination  of  sampling  equipment  used  to  perform  field  investigations. 

2.0  SCOPE 

consultI^“  xidKSSw  decontamination  of  sampling  equipment  and  should  be 

consulted  when  eqmpment  decontamination  procedures  are  being  developed  as  part  of 
projen-specific  plans.  Personnel  decontamination  guidelines  are  presented  in  the  project 
specific  Health  and  Safety  Han.  Decontamination  of  monitoring  wefi  construction  ml. 
desenbed  m  Field  Procedure  FP  3-2.  and  decontamination  of  hand  tools  and  Mmg 
equipment  is  described  in  Field  Procedure  FP  3-3.  ^ 

3.0  REQUIREMENTS 

oresem?,  '“T  “l"  concentrations 

present  at  sampling  locations,  equipment  used  in  sampling  activities  must  be  properly  cleaned 

^  decontammated.  This  will  minimiae  the  potential  for  cross^contaminaL  between 
sampling  locations,  and  the  transfer  of  contamination  off-site. 

4.0  REFERENCES 

for  FieU  Me, Hods. 

42  United  States  Environmental  Proteaion  Agency.  A  Compendium  of  Superfund  Field 

Opernriom3fetAo*,EPA/540/P-87/001,Decemberl987.  P  rrund  t,eld 

w  ,  ?">“«!<>■>  Agency.  Tes,  Me, hods  for  Evaluadng  Solid 

Wasle.  Phystcal/ChemicalMelhods,  EPA  SW-846,  Third  Edition,  November  1986. 

5.0  DEFINITIONS 

artifi  ■  uT'*™  •  O'”"*  when  the  measured  concentration  of  the  analyte  is 

artificially  low  as  a  result  of  volatilization,  adsorption  and  related  losses. 
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Positive  Contamination  -  Occurs  when  the  measured  concentration  of  the  analyte  is 
artificiaUy  high  due  to  leaching  or  the  introduction  of  foreign  matter  into  the  sample. 

Cross-Contamination  -  A  type  of  positive  contamination  caused  by  the  introduction  of 
part  of  one  sample  with  a  second  sample  during  sampling  or  storage. 

Detergent  -  Shall  be  a  standard  brand  of  non-phosphate  laboratory  grade  detergent 
such  as  Alconox  or  Liquinox. 

Acid  Solution  -  A  combination  of  reagent-grade  acid  and  deionized  water. 

Solvent  -  Shall  be  pesticide-grade  solvent. 

Tap  or  Potable  Water  -  Shall  be  water  from  a  municipal  water  treatment  system. 
Deionized  Water  -  Volatile-free,  ion-free,  and  organic-free  water  produced  on-site  from 
a  deionization  chamber  equipped  with  carbon  filters. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  ensuring  that  decontamination  procedures  for 
all  chemical  sampling  and  field  analytical  equipment  are  programmed  prior  to  the  actual  field 

effort  and  that  personnel  required  to  accomplish  the  task  have  been  briefed  and  trained  to 
execute  the  task. 

6.2  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  ensuring  that  project-specific  plans  and 
the  miplementation  of  field  investigations  are  in  compliance  with  this  procedure. 

7.0  EQUIPMENT 
7.1  Disposable  gloves 

12  Laboratoiy-grade  non-phosphate  detergent 
12  Tap  water 

7.4  Ten  percent  nitric  acid  solution 

7.5  Deionized  volatile-free  water 

7.6  Aluminum  foil 

7.7  Pesticide-grade  methanol 

7.8  Pesticide-grade  Hexane 

7.9  Scrub  brushes 

7.10  Five  to  10  gallon  stainless  steel  or  plastic  buckets 
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8.0  PROCEDURE 
8.1  Decontamination 

Pnor  to  the  collection  of  samples,  the  equipment  used  to  collect  water,  soil,  sediment 
and  other  samples  will  be  decontaminated  by  one  of  the  following  methods 

Method  1 

Decontamination  procedure  for  equipment  used  to  collect  metal  samples  only 
Wash  and  scrub  with  laboratoiy-grade  non-phosphate  detergent. 

Rinse  several  times  with  tap  water. 


Riiwe  plastic  or  Teflon-coated  equipment  with  10%  nitrir 
stainless  steel  equipment  with  1%  hydrochloric  acid. 


nnse 


Rinse  twice  with  deionized  analyte-free  water. 

Air  dry. 

Wrap  in  aluminum  foil  (shiny  side  out)  or  polyethylene  sheeting. 

Method  2 

Decontamination  procedure  for  equipment  used  to  collect  organic  samples  only; 

Wash  and  scrub  with  laboratory  grade  non-phosphate  detergent. 

Rinse  several  times  with  tap  water. 

Rinse  with  deionized  analyte-ffee  water. 

Rinse  with  pesticide-grade  methanol. 

“  -  »  rinse 

Air  dry. 

Check  with  HNu  or  OVA  for  complete  removal  of  solvents. 

•  Wrap  in  aluminum  foil  (shiny  side  out). 

Method  3 

and™e^r“°”  -ganies 

Wash  and  scrub  with  laboratoiy-grade  non-phosphate  detergent. 

•  Rinse  several  times  with  tap  water. 
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DECONTAMINIATION  OF 
SAMPLING  EQUIPMENT 


.  Rii^e  plastic  or  Teflon-coated  equipment  with  10%  nitric  acid-  rinse 
stainless  steel  equipment  with  1%  hydrochloric  acid.  ’ 

.  Rinse  with  deionized  analyte-free  water. 

.  Rinse  with  pesticide-grade  methanol. 

.  If  total  petroleum  hydrocarbons,  oil  &  grease,  or  PCBs  are  analytes  rinse 
with  pesticide-grade  hexane. 

.  Air  dry. 

.  Check  with  HNU  or  OVA  for  complete  removal  of  solvents. 

.  Rinse  twice  with  deionized  analyte-free  water. 

.  Wrap  in  aluminum  foil  (shiny  side  out). 

NOTE  1:  Sampling  Equipment  Decontamination  Procedures.  Sampling  equipment  other 
than  down-hole  sampling  equipment,  will  be  cleaned  once  a  day  in  a  batch  so  that 
the  final  nnsate  may  be  collected  for  a  field  equipment  blank.  After  cleaning  field 
equipment  may  be  pkced  tempomily  on  polyethylene  sheeting,  but  ultimately  will 
be  wrapped  in  alunmum  foU,  Care  will  be  taken  when  choosing  the  site  of  the 
staging  ^ea  to  avoid  fugitive  dust,  fuel,  oils,  gasoline,  organic  solvents,  or  any 
potential  airtome  source  of  contammation.  If  new  equipment,  such  as  drill  bits  and 
spoons,  has  been  pamted  at  the  factory,  this  paint  will  be  removed  before  use. 

Doym-hole  sapling  equipment  may  be  decontaminated  on-site  during  drilling 
activities.  ;ije  sampling  method  used  will  determine  where  this  sampling 
equipment  wiU  be  decontaminated.  ^  ® 

NOTE  2:  during  the  field  uctivitiet  is  described  in  the 


S2  Requirements  and  Limitations 
Bailers  and  Bailing  Line 

The  potential  for  cross  contamination  between  sampling  points  via  the  use  of  a  common 
bailer,  or  its  attached  line,  is  high  unless  strict  procedures  for  decontamination  are  followed.  It 
IS  recommended  that  one  bailer  and  its  associated  line  be  used  for  each  sample  point.  Braided 
nylon  or  polypropylene  lines  may  be  used  with  a  bailer  and  wiU  be  discarded  after  each  use. 
Before  the  initial  sampling  and  after  each  succeeding  sampling  point,  the  bailer  must  be 
decontaminated  using  procedures  outlined  for  sampling  equipment.  This  procedure  does  not 
eliminate  the  need  for  decontamination  of  dedicated  bailers. 

In  addition  to  these  cleaning  procedures,  the  following  line  and  bailer  handling 
procedures  are  required.  Prior  to  transport,  the  bailer  and  bailing  Une  should  be  wrapped  in 


1-28 


Proc«dur«  No. 

DECONTAMINIATION  OF 

Rov. 

SAMPLING  EQUIPMENT 

FP  3-1 

1 

Page  5  of  6 

aluminum  foil  or  polyethylene  sheeting.  At  the  site,  while  the  sample(s)  is  being  obtained 
care  should  be  taken  to  prevent  the  bailer,  line,  and  any  other  down-hole  tubing  or  pumps’ 
from  contact  with  the  ground  surface. 

Sampling  Pumps 

Most  sampling  pumps  are  normally  low  volume  (less  than  two  gpm)  pumps  These 
include  peristaltic,  diaphragm,  air-lift,  pitcher  and  bladder  pumps.  If  these  pumps  are  used  for 
sampling  from  more  than  one  sampling  point,  they  must  be  decontaminated  between  samples. 

The  procedures  to  be  used  for  decontamination  of  sampling  pumps  are  generally  the 
same  as  those  described  in  Method  2.  Each  of  the  liquid  fractions  is  to  be  pumped  through  the 

system.  The  amount  of  pumping  is  dependent  upon  the  size  of  the  pump  and  the  length  of  the 
intake  and  discharge  hoses. 

Filtering  Equipment 

One  aspect  of  the  sampling  plan  may  involve  the  filtering  of  ground-water  samples  and 
subsequent  preservation.  This  should  occur  as  soon  after  sample  retrieval  as  possible; 
preferably  in  the  field  as  soon  as  the  sample  is  obtained.  Three  basic  filtration  systems  are 
most  commonly  used:  the  in-line  disposal  filter,  the  inert  gas  over-pressure  filtration  system, 
and  the  vacuum  filtration  system. 

For  the  in-line  filter,  decontamination  is  not  required  since  the  filter  cartridge  is 
disposable;  however,  the  cartridge  must  be  disposed  of  in  an  approved  receptacle,  and  the 
intake  and  discharge  lines  must  still  be  decontaminated. 

For  the  over-pressure  and  vacuum  filtration  systems,  the  portions  of  the  apparatus 
which  come  in  contact  with  the  sample  must  be  decontaminated  as  described  above. 

Water  Level  Indicators 

Water  level  indicators  that  consist  of  a  probe  that  contacts  with  the  ground  water  must 
be  decontaminated  using  the  following  steps: 

Rinse  with  deionized  volatile-free  water. 


1. 

2. 


Pesticide-grade  methanol  rinse  followed  by  a  pesticide-grade  hexane 
rinse  if  oils,  greases  or  PCBs  are  present.  uc  grauc  nexane 

Check  with  HNu  or  OVA  for  complete  removal  of  solvents. 

Wrap  tip  in  aluminum  foil  (shiny-side  out)  for  transport. 
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Probes 

Probes  (e.g.,  pH  or  specific  ion  electrodes,  geophysical  probes,  or  thermometers)  that 
come  m  direct  contact  with  the  sample,  wiU  be  decontaminated  using  the  procedures  specified 
above  unless  manufacturers’  instructions  indicate  otherwise;  in  those  cases,  the  method  of 
decontamination  must  be  clearly  described  in  the  project-specific  Work  Plan  For  probes 

which  make  no  direct  contact  (e.g,  OVA  equipment)  the  probe  will  be  wiped  with  a  clean 
paper-towel  or  cloth  wetted  with  methanol. 

8  J  Quality  Control  Procedures  for  Decontamination 

The  effectiveness  of  field  cleaning  procedures  shall  be  monitored  by  following  Quality 
Assurance  -  Quality  Control  procedures  outlined  in  the  project-specific  Work  Plan. 

9.0  ATTACHMENTS 
None. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  provide  reference  information  on  the  proper 
decontamination  of  monitoring  well  construction  materials  used  in  performing  field 
investigations. 

2.0  SCOPE 

This  procedure  addresses  decontamination  of  monitoring  well  construction  materials 
only,  and  should  be  consulted  when  equipment  decontamination  procedures  are  being 
developed  as  part  of  project-specific  work  plans.  Personal  decontamination  guidelines  are 
present  in  the  project-specific  Health  and  Safety  Plan.  Decontamination  of  sampling 
equipment  is  described  in  Field  Procedure  FP  3-1  and  decontamination  of  hand  tools  and 
drilling  equipment  is  described  in  Field  Procedure  FP  3-3, 

3.0  REQUIREMENTS 

To  ensure  that  chemical  analysis  results  are  reflective  of  the  acmal  concentrations 
present  at  sampling  locations,  monitoring  well  construaion  materials  involved  in  sampling 
activities  must  be  properly  cleaned  and  decontaminated.  This  will  minimize  the  potential  for 
cross-contamination  between  sampling  locations,  and  the  transfer  of  contamination  off-site. 

4.0  REFERENCES 

4.1  HA2WRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

4.2  United  States  Environmental  Protection  Agency.  A  Compendium  of  Superfund  Field 
Operations  Methods,  EPA/540/P-87/001,  December  1987. 

4J  United  States  Environmental  Protection  Agency.  Test  Methods  for  Evaluating  Solid 
Waste,  Physical/Chemical  Methods,  EPA  SW.846,  Third  Edition,  November  1986. 

5.0  DEFINITIONS 

Negative  Contamination  -  Occurs  when  the  measured  concentration  of  the  analyte  is 
artificially  reduced  as  a  result  of  volatilization,  adsorption  and  related  losses. 
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Positive  Contamination  -  Occurs  when  the  measured  concentration  of  the  analyte  is 
artificially  high  due  to  leaching  or  the  introduction  of  foreign  matter  into  the  sample. 

Cross  Contamination  -  A  type  of  positive  contamination  caused  by  the  introduction  of 
part  of  one  sample  with  a  second  sample  during  sampling  or  storage. 

Detergent  -  Shall  be  a  standard  brand  of  non-phosphate  laboratory-grade  detergent 
such  as  Alconox  or  liquinox. 

Acid  Solution  -  Shall  be  made  from  reagent-grade  acid  and  deionized  volatile-free 

water. 

Solvent  -  Shall  be  pestidde-grade  solvent. 

Tap  or  Potable  Water  -  Shall  be  water  from  a  munidpal  water  treatment  system. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  ensuring  that  decontamination  procedures  for 
all  chemical  sampling  and  field  analytical  equipment  are  programmed  prior  to  the  acmal  field 
effon  and  that  personnel  required  to  accomplish  the  task  have  been  briefed  and  trained  to 
execute  the  task. 

6.2  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  ensuring  that  project-specific  plans  and 
the  implementation  of  field  investigations  are  in  compliance  with  this  procedure. 

7.0  EQUIPMENT 

1.  Portable  high-pressure  steam  or  hot  water  generator 

2.  Insulated  gloves 

3.  Laboratory-grade,  non-phosphate  detergent 

4.  Tap  water 

5.  ASTM  type  n  water 

6.  Sheet  plastic 

7.  Pestidde-grade  methanol 

8.  Scrub  brushes 

9.  Five-  to  10-gallon  bucket 
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8.0  PROCEDURE 

8.1  Construction  Materials  Decontamination 


Prior  to  drilling,  monitoring  well  construction  materials  will  be  decontaminated  at  a 
designated  area.  The  cleamng  area  will  be  designed  to  contain  decontamination  wastes  and 
waste  waters,  and  can  be  a  lined  excavated  pit  or  a  bermed  concrete  or  asphalt  pad.  For  the 
latter,  a  floor  drain  must  be  provided  that  is  conneaed  to  a  holding  tank.  A  shallow,  above¬ 
surface  tank  may  be  used,  or  a  pumping  system  with  discharge  to  a  waste  tank  may  be  installed. 

At  certain  sites,  due  to  the  type  of  contanunants  or  proximity  to  residences,  concerns 
may  exist  about  air  emissions  from  steam  cleaning  operations.  These  concerns  can  be 
alleviated  by  utilizing  one  or  more  of  the  following  practices: 

Locate  the  steam  cleaning  area  on-site  to  minimize  potential  impacts. 

.  Enclose  steam  cleaning  operations. 

The  location  of  the  steam  cleaning  area  will  be  identified  in  the  project-specific  Work 

Plan. 

Well  casings  and  screens  shall  be  cleaned  in  the  field  prior  to  use  or  shall  be  delivered 
to  the  site  previously  decontaminated  with  accompanying  written  certification  by  the  faaory  or 
manufacturer  attesting  to  decontamination  procedures.  Factory  rinsate  test  results  for 
parameters  selected  for  each  site  shall  be  included.  Field  rinsate  may  be  tested  by  field 
screening  methods  if  available  at  the  site.  Critical  contamination  levels  shall  be  determined 
prior  to  field  work  by  the  Project  Manager  and  stated  in  the  project-specific  Work  Plan. 

Concentration  levels  above  those  previously  determined  as  critical  levels  will  require 
field  steam  cleaning  of  casings  and  screens.  Analyses  to  be  conduaed,  acceptable 
concentration  levels  for  rinsates  and  specific  rinsate  sampling  procedures  shall  be  described  in 
the  project-specific  Work  Plan  for  each  site. 

82  Additional  Cleaning  Method 

If  critical  levels  are  still  not  met,  the  following  methods  shall  be  utilized. 

1.  Wash  and  scrub  with  detergent  (low  phosphate  if  P  is  an  analyte). 

2.  Tap  water  rinse. 

3.  Rinse  with  10  percent  nitric  acid  for  PVC  casing  or  a  1  percent  HCL  acid 
if  stainless  steel  casing  is  used. 

4.  Tap  water  rinse. 
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5.  Rinse  with  a  methanol  followed  by  hexane  if  oils,  greases  or  PCBs  are 
analytes. 

6.  Deionized  water  rinse  (demonstrated  analyte  free). 

7.  Allow  to  air  dry. 

8.  Wrap  in  aluminum  foil,  shine  side  out,  for  transport. 

If  metals  are  not  analytes.  Steps  "3"  and  "4"  may  be  omitted.  If  organics  are  not  being 
sampled.  Step  "5"  may  be  omitted.  Solvents  must  be  specified  as  pesticide  grade  or  better. 
Preferably,  all  decontamination  of  equipment  should  be  performed  prior  to  going  into  the 
field.  If  this  is  not  possible,  equipment  must  be  cleaned  and  decontaminated  not  less  than  six 
hours  before  installation. 

9.0  ATTACHMENTS 
None. 
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1.0  PURPOSE 

The  pxupose  of  this  procedure  is  to  provide  reference  information  on  the  proper 
decontamination  of  drilling  equipment  and  hand  tools  used  in  the  conduct  of  field 
investigations. 

2.0  SCOPE 

This  procedure  addresses  decontamination  of  drilling  equipment  and  hand  tools  only, 
and  should  be  consulted  when  equipment  decontamination  procedures  are  being  developed  as 
part  of  project-specific  work  plans.  Personal  decontamination  guidelines  are  present  in  the 
project-specific  Health  and  Safety  Plan.  Decontamination  of  sampling  equipment  is  described 
in  Field  Procedure  FP  3-1  and  decontamination  of  monitoring  well  construction  materials  is 
described  in  Field  Procedure  FP  3-2. 

3.0  REQUIREMENTS 

To  ensure  that  chemical  analysis  results  are  reflective  of  the  actual  concentrations 
present  at  sampling  locations,  various  drilling  equipment  and  hand  tools  used  in  sampling 
activities  must  be  properly  cleaned  and  decontaminated.  This  will  minimize  the  potential  for 
cross-contamination  between  sampling  locations,  and  the  transfer  of  contamination  off-site. 

4.0  REFERENCES 

4.1  HAZWRAP,  Febraaiy  1989,  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

4.2  United  States  Environmental  Protection  Agency,  December  1987,  A  Compendium  of 
Superfund  Field  Operations  Methods,  EPA/540/P-87/001,. 

4J  United  States  Environmental  Protection  Agency,  November  1986,  Test  Methods  for 
Evcduating  Solid  Waste,  Physical/Chemical  Methods,  EPA  SW-846,  Third  Edition. 

S.0  DEFINITIONS 

Negative  Contamination  -  Occurs  when  the  measured  concentration  of  the  analyte  is 
artificially  reduced  as  a  result  of  volatilization,  adsorption  and  related  losses. 
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Positive  Contamination  -  Occurs  when  the  measured  concentration  of  the  analyte  is 
artificially  high  due  to  leaching  or  the  introduction  of  foreign  matter  into  the  sample. 

CrosS'Contamination  -  Is  a  type  of  positive  contamination  caused  by  the  introduction  of 
part  of  one  sample  into  a  second  sample  during  sampling  or  storage. 

Detergent  -  Shall  be  a  standard  brand  of  non-phosphate  laboratory-grade  detergent 
such  as  Alconox  or  Liquinox. 

Acid  Solution  -  Shall  be  made  from  reagent-grade  acid  and  deionized  water. 

Solvent  -  Shall  be  pesticide-grade  solvent. 

Tap  or  Potable  Water  -  Shall  be  water  from  a  municipal  water  treatment  system. 
Deionized  Analyte-free  Water  -  Ion  free-organic  free  water  produced  on-site  from  a 
Deionization  Chamber  equipped  with  a  carbon  filter. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  ensuring  that  decontamination  procedures  for 
all  chemical  sampling  and  field  analytical  equipment  are  established  prior  to  the  actual  field 
effort  and  that  personnel  required  to  accomplish  the  task  have  been  briefed  and  trained  to 
execute  the  task. 

6.2  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  ensuring  that  project-specific  plans  and 
the  implementation  of  field  investigations  are  in  compliance  with  this  procedure. 

7.0  EQUIPMENT 

7.1  Portable  high-pressure  steam  or  hot  water  generator. 

7.2  Insulated  gloves. 

73  Laboratory-grade  non-phosphate  detergent. 

7.4  Tap  water. 

73  Deionized  volatile-free  water. 

7.6  Sheet  plastic. 

7.7  Pesticide-grade  methanol. 

73  Scrub  brushes. 

73  Five-  to  10-gallon  bucket 
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8.0  PROCEDURE 

All  drilling  equipment  involved  in  field  sampling  activities  will  be  decontaminated  prior 
to  drilling,  excavation  and  sampling  activities.  Such  equipment  includes  drilling  rings, 
backhoes,  down-hole  tools,  augers,  and  hand  tools. 

8.1  Steam  Cleaning 

Prior  to  drilling  or  leaving  the  site,  equipment  not  directly  utilized  for  sampling,  will  be 
decontaminated  at  a  designated  area.  This  includes  drilling  rigs,  augers,  backhoes,  hand  tools 
and  down-hole  tools.  The  decontamination  area  will  be  designed  to  contain  decontamination 
wastes  and  waste  waters,  and  can  be  a  lined  excavated  pit  or  a  bermed  concrete  or  asphalt  pad. 
For  the  latter,  a  floor  drain  must  be  provided  that  is  connected  to  a  holding  tank.  A  shallow, 
above-surface  tank  may  be  used  or  a  pumping  system  with  discharge  to  a  waste  tank  may  be 
installed. 

At  certain  sites,  due  to  the  type  of  contaminants  or  proximity  to  residences,  concerns 
may  exist  about  air  emissions  from  steam  cleaning  operations.  These  concerns  can  be 
alleviated  by  utilizing  one  or  both  of  the  following  practices: 

.  Locate  the  steam  cleaning  area  on-site  to  minimize  potential  impacts. 

.  Enclose  steam  cleaning  operations. 

The  location  of  the  decontamination  area  will  be  identified  in  the  project-specific  Work 
Plan.  Transpon  vehicles  used  on-site  for  personnel  and/or  equipment  will  be  cleaned  prior  to 
leaving  the  site.  Decontamination  wastes  will  be  collected  and  contained  for  eventual 
treatment  on-site  and/or  disposal  at  an  approved  facility  in  accordance  with  the  project- 
specific  Work  Plan. 

%2  Equipment  Decontamination 

Decontamination  of  equipment  associated  with  sampling  that  will  not  come  into  contact 
with  the  sample  medium. 

.  clean  with  high-pressure  steam  or  hot  water  cleaner; 

•  wash  with  potable  water  and  a  non-phosphate  laboratory-grade 
detergent;  and  r  j  ^ 

.  rinse  with  potable  water. 

The  drill  rig,  drill  pipe,  and  all  down-hole  equipment  will  steam  cleaned  prior  to 
entering  the  site  and  will  be  decontaminated  in  accordance  with  these  procedures  before  work 
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is  begun.  Prior  to  use  on  each  site,  the  rig  will  be  decontaminated  as  described.  All  down-hole 
equipment  will  be  decontaminated  between  each  borehole. 

9.0  ATTACHMENTS 
None, 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  describe  the  methods  and  sequence  of  operations 
for  recording  field  observations  pertinent  to  the  documentation  of  drilling  activities. 

2.0  SCOPE 

This  procedure  applies  to  hollow  stem  auger  drilling  activities  used  to  install  monitoring 
wells,  and  drilling  activities  to  determine  the  type,  thickness,  and  certain  physical  and  chemical 
properties  of  the  soil,  water,  and  rock  strata  which  underlie  the  site. 

3.0  REQUIREMENTS 

Complete  documentation  must  be  kept  to  ensure  proper  installation  of  monitoring 
wells,  knowledge  of  geologic  data,  and  contract  compliance  by  the  drilling  subcontractor. 

4.0  REFERENCES 

4.1  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods 
DOE/HWP^9. 

42  U.S.  Environmental  Protection  Agency.  Manual  of  Water  Well  Construction  Practices, 
Office  of  Water  Supply,  USEPA,  Washington,  D.C. 

5.0  DEFINITIONS 

5.1  Hollow  stem  auger  drilling  consists  of  screwing  augers  with  an  open  center  into  the 
ground.  Cuttings  are  brought  to  the  surface  by  the  rotating  action  of  the  auger.  Samples  can 
be  taken  using  split-spoon  or  thin  wall  tube  samples  inserted  through  the  hollow  stem  and 
driven  into  the  substrata  in  advance  of  the  auger. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  ensuring  that  field  personnel  have  been 
trained  in  the  use  of  this  procedure,  and  for  verifying  that  auger  drilling  activities  are  being 
performed  in  compliance  with  the  project-specific  work  plan.  He  should  also  determine  the 
disposal  methods  for  products  generated  by  drilling,  such  as  drill  cuttings  and  well 


1-45 


Proc*dur«  No. 

Rov. 

MONITORING  OF  HOLLOW 

STEM  AUGER 

DRILLING  ACTIVITIES 

FP  5-1 

0 

Page  2  of  4 

development  water,  as  well  as  any  specialized  supplies  or  logistical  support  required  for  the 
drilling  operations.  These  activities  should  be  documented  in  the  site  logbook. 

Field  Geologist 

The  Field  Geologist  is  responsible  for  monitoring  drilling  activities  and  documenting 
observations  made  during  drilling  in  a  bound  field  logbook.  He  will  summarize  these  activities 
on  the  Daily  Drilling  Report  (Attachment  9.1).  The  Field  Geologist  will  also  generate  a 
detailed  boring  log  for  each  test  hole.  This  log  shall  include  a  description  of  materials, 
samples,  method  of  sampling,  blow  counts,  and  other  pertinent  drilling  and  testing  information 
that  may  be  obtained  during  drilling  in  accordance  with  Field  Procedure  FP  7-3,  Borehole 
Logging. 

7.0  EQUIPMENT 

7.1  Field  logbook. 

12  Drilling  subcontract 

12  Daily  Drilling  Report  Form  ( Atmchment  9.1). 

8.0  PROCEDURE 

8.1  Prior  to  arriving  at  the  site,  the  Field  Geologist  will  confer  with  the  Field  Operations 
Leader  regarding  the  pertinent  aspects  of  the  drilling  contract  related  to  daily  drilling 
activities. 

82  A  field  logbook  will  be  kept  by  each  Field  Geologist  and  will  be  used  to  record  at  least 
the  following  information: 

Date 

.  Location 

.  Weather 

Drilling  company 

.  Drill  crew  names  and  telephone  numbers 

.  Descriptions  of  the  material  being  drilled 

The  Field  Geologist  will  record,  at  a  minimum,  the  following  observations: 

.  Start  and  stop  time  of  all  drilling  activities,  including’ 

mobilization; 

drilling/reaming/augering 
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sampling; 

drill  rig  decontamination; 
cementing; 

geophysical  well  logging;  and 
any  other  relevant  events. 

.  Footage  for  the  above  activities. 

of  drilling  equipment  (especially  auger  flights  and  drill 

Condition  of  drilling  equipment;  should  ensure  that  it  is  dean  and  no 
leaks  m  the  system  that  would  input  the  boring  or  well. 

.  Problems  causing  delays  during  drilling  activities. 

S3  A  Daily  Drilling  Report  (Attachment  9.1)  wiU  be  completed  at  the  conclusion  of 
drilling  activities  for  the  day.  This  report  is  required  to  document  work  conducted  by  the 
subcontractor  and  will  be  filled  out  as  follows: 

•  Assign  unique  number  to  form. 

Enter  umque  code  assigned  to  the  borehole  in  the  upper  right-hand 
comer  of  the  form  in  the  space  provided  for  boring  ID. 

•  Enter  desmptive  name  of  the  project  and  the  project  number  in  the 
space  provided. 

.  Enter  current  date  in  the  space  provided. 

•  Enter  type  of  equipment  used  for  drilling  operation. 

.  Enter  diameter  of  the  borehole  in  the  space  provided. 

*  S?*!  Operations  Leader  and  Field  Geologist 

momtormg  the  drilling  m  the  space  provided. 

.  Enter  Ae  name  of  the  drilling  company,  the  driller,  and  the  driller’s 
helper  in  the  spaces  provided. 

*  box  applicable  to  the  activities  accomplished  during  the  day  in 

the  space  provided  for  daily  activities.  ^ 

*  Circle  the  method(s)  used  (drilled/augered/cored  or  reamed)  for  the 
ty^  of  work  accomplished  and  enter  the  start  and  stop  depths  (below 
surface  level)  m  the  blanks  provided  in  the  section  titled  Toomge. 
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Enter  the  size  in  inches  of  bit(s)  used  in  the  space  provided. 

Describe  the  type(s)  of  sample  taken  and  the  method(s)  used;  enter  the 
quantity  either  m  feet,  volume  or  number  of  samples  logged  in  the  space 
provided. 


Enter  number  of  hours  to  the  nearest  tenth  of  an  hour  in  the  applicable 
box  or  boxes  (stand-by  time  is  normally  a  delay  caused  by  the  contraaor 
or  the  client;  down  time  is  a  delay  caused  by  the  drilling  subcontractor)  in 
the  space  provided;  comments  should  include,  as  a  minimum,  the 
following: 


reason  and  start  and  stop  times  for  standby  or  down  time; 
explanation  of  "other"  time; 

explanation  of  large  deviations  from  planned  progress;  and 

clear,  concise  comments  relevant  to  any  justification  of  work 
stoppage. 

Enter  amount  of  material  actually  used  by  the  subcontractor;  comments 
include  any  necessary  explanations  for  the  amount  entered  in  the  space 
provided. 

Have  driller  verify  the  identified  activities  and  sign  the  form  in  the  space 
provided;  the  driller  receives  a  copy  of  the  form  daily. 

Enter  the  start  and  stop  footage  below  the  land  surface  in  the  space 
provided  for  well  construction  inionnation. 

Enter  casiM  material  under  "Casing  Type";  enter  "Casing  Size"  in  inches 
(specify  O.D.  or  IJD.);  check  "Drain  Hole"  and  "Stamped  ID",  in  the  space 
provided  for  well  casing  information. 

Sign  and  date  (Field  Geologist)  the  form  in  the  space  provided  for 
verification  of  activities. 


.  Payment  for  standby  hours  and  well  acceptance  must  be  approved  by  the 
Field  Operations  I^der  or  his  designee.  Sign  and  date  (Field 
Operations  Leader)  in  the  space  provided.  This  signature  is  required  for 
payment  of  standby  hours  and  well  approvaL 

.  Distribute  craies  of  the  Daily  Drilling  Report  to  individuals  designated 
by  the  Field  Operations  Leader. 

9.0  ATTACHMENTS 
9.1  Daily  Drilling  Report. 
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Daily  drilling  report 


daily  drilling  report  I  Boring  ID; 


Drilling  Method; _ 

Supervisor/Ceologist: 

Drilling  Company:^ _ 

daily  activities! 

p  Mobiliiaiion 
I  I  Decontamination 
I  I  Sel-uD 

Drilling/Augering /Coring 
Footage: 

Drilled/Augcrcd/Cored: 

Bit  Sices: 

Sample  Type;^ _ 

Time:  Drlll/Rjg: _ 

Decon.: 

Standby: 

Comments: 


Borehole  Diameter: 
Dril  ler : 

Helper : 


P  E-iogging  (standby) 

I  Reaming 

J  Setting  Surface  Casing 
^1  Weil  Installation 


^  Well  Development 
^  Clean-up 

Std.  Penetration  Tes 
Other: _ 


ft;  Reamed: 


— 

_ ^S.P.  Tests\qty):_ 

y^Weir  DeveioiAKent: 

•  (Down  Time: 


Material  Bentonite:*' 
Used:  -  v.  * 

Cement: 

Sand:  \ 

Verification 
of  Activities: 


inlier  S  TgrtaTurel 


Bentoniie:_ 
Comments : 


WELL  CONSTRUCTION: 

Screen  Setting:  ft  t© 

Blank  Casing  Selling: _ ft  to 

Sand  Pack  Setting:  ft  to 

Seal  Setting: 

Crout  Setting:  ft  t© 

Comments:  _ 

Development  Method (s): _ 

Verification 
of  Activities: 

_  (Supervisory  C«iogisi  Signature] 


buckets 


ft  BLS  Surface  Casino: 

ft  BLS  Casing  Type: _ 

ft  BLS  Casing  Siie: 

n  BLS  Drain  Hole;  Q  Yes  Q  No 

ft  BLS  Stamped  ID:  □  Yes  Qno 


Approved  for  Payment; 

Standbv  Hours. 

Well  Accepted:  Q  Yes 

□  no 

(rietc 

buDcrvisor  bionaiurei 

_  Date: 

— 
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Subject 

Procedura  No. 

Rev. 

FP  5-2 

0  Page  1  of  10 

Issue  Date 

Effective  Date 

MONITORING  WELL  INSTALLATION 

05/25/90 

07/02/90 

Supersedes  Procedure 

Number 

Rev.  Date 

630  FP  28 

0 

Acc«ptane«  *  Program  QA 

Approval  -  Program  Manager 

1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  establish  acceptable  methods  for  proper  monitoring 
well  design  and  construction. 

2.0  SCOPE 

This  procedure  is  applicable  to  the  construction  of  semi-permanent  monitoring  wells  at 
field  investigation  sites.  The  methods  described  herein  may  be  modified  by  project-specific 
requirements  for  monitoring  well  construction.  In  addition,  many  states  have  specific 
regulations  pertaining  to  monitoring  well  construction  and  permitting.  These  requirements 
must  be  fully  developed  when  preparing  the  project-specific  work  plan. 

3.0  REQUIREMENTS 

The  objectives  for  each  monitoring  well  and  its  intended  use  must  be  clearly  defined 
before  the  monitoring  system  is  constructed.  Within  the  monitoring  system,  different 
momtoring  wells  may  serve  different  purposes  and,  therefore,  require  different  types  of 
construction.  During  all  phases  of  the  well  construction,  attention  must  be  given  to  clearly 

documenting  the  basis  for  consmiction  decisions,  the  details  of  well  construction,  and  the 
materials  used. 

Siting  of  monitoring  wells  shall  be  performed  after  a  preUminaiy  estimation  of  the 
hydraulic  gradients  and  ground-water  flow  direction.  In  most  cases,  these  can  be  determined 
through  review  of  geologic  data  and  the  site  terrain.  In  addition,  production  wells  or  other 
monitoring  wells  in  the  area  may  be  used  to  determine  the  flow  direction. 

4.0  REFERENCES 

4.1  Driscoll,  Fletcher  G.  1986.  Groundwater  and  Wells,  2nd  Edition,  Johnson  Division,  St. 
Paul,  Minnesota,  pp.  1089. 

4.2  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods 
DOE/HWP-69. 
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5.0  DEFINITIONS 


Monitoring  Well  -  A  well  which  will  provide  for  the  measurement  of  total  well  depth, 
the  collection  of  representative  groundwater  samples,  the  detection  and  collection  of 
representative  light-  and  dense-phase  organics,  and  measuring  piezometric  data. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  selecting  the  well  casing  and  screen  materials, 
the  screen  length  and  placement,  and  the  filter  pack  and  seal  materials  to  be  used  for  each 
monitoring  well.  The  Project  Manager  should  work  in  cooperation  with  the  Field  Operations 
Manager  to  ensure  that  all  contraa  items  are  fulfilled  and  that  the  project  is  executed  in  a 
scientifically  sound  manner. 

6.2  Field  Operations  Manager 

The  Field  Operations  Manager  is  responsible  for  ensuring  that  field  personnel  have 
been  trained  in  the  use  of  this  procedure  and  for  verifying  that  monitoring  well  installation 
activities  are  performed  in  compliance  with  the  contract.  The  Field  Operations  Manager  will 
obtain  the  information  necessary  for  the  Project  Manager  to  select  screen  size  and  well 
packing  material  and  siting  well  installation  locations. 

63  Field  Geologist 

The  Field  Geologist  is  responsible  for  ensuring  the  well  is  installed  according  to  the 
contract  specifications.  If  notification  of  the  driller  does  not  result  in  corrective  action,  the 
Field  Geologist  will  thoroughly  document  the  driller’s  failure  to  follow  procedures  and  notify 
the  Field  Operations  Manager  as  soon  as  possible. 

7.0  EQUIPMENT 

7.1  Field  Logbook  and  Indelft)le  Ink  Pens 
12  Monitoring  Well  Construction  Log 
73  Folding  or  Retractable  Engineers  Rule 

7.4  Weighted  Tape 

7.5  Slot  Size  or  Feeler  Gauge. 

8.0  PROCEDURE 

8.1  Design  Considerations 

Monitoring  WeU  Depth,  Diameter  and  Screen  Length 

.  Standard  well  diameters  are  two,  four,  six,  or  eight  inches.  For  most 
momtormg  programs  a  two  or  four-inch  well  is  preferred.  Smaller  wells 
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have  a  sm^ler  volume  of  stagnant  water,  well  construction  costs  are 
lower,  and  the  water  table  stabilizes  readily. 


In  specifying  well  diameter,  sampling  requirements  must  be  considered 
A  total  of  up  to  four  gallons  or  water  may  be  required  for  a  single  sample 
to  account  for  full  organic  and  inorganic  analyses  and  split  samples  The 
standing  water  in  the  monitoring  well  available  for  sampling  after 
complete  recharge  is  dependent  on  the  well  diameter  as  follows* 


Casing  Inside 
Diameter,  Inches 

2- 

4 

6 


Standing  Water 
Depth  to  Obtain 
One  Gallon  Water  (ft) 

6.13 

1.53 

0.68 


Total  Depth  of 
Standing  Water 
For  Four  Gallons  (ft) 

25 

6 

3 


Tbe  borehole  diameter  should  be  at  least  four  inches  larger  than  the  well 
riser  pipe  diameter. 


.  Wells  deeper  than  35  feet  must  be  at  least  four  inches  in  diameter. 

Riser  Pipe  and  Screen  Materials 

.  Schedule  40  PVC  has  sufficient  tensile  and  compressive  strength  for  wells 
up  to  75  feet  Schedule  80  PVC  is  generally  used  for  wells  greater  than  50 


The  inside  diameter  for  schedule  80  PVC  is  smaller  and  may  be  an 
mponant  factor  when  considering  the  size  of  bailers  or  pumps  to  be  used 
tor  the  sampling.  Due  to  this  problem,  the  minimum  well  pipe  size 
recommended  for  schedule  80  is  four  inches  I.D. 

risers  must  be  decontaminated  before  use  according  to 

FP  3-2. 

Gdvanized  steel  is  not  recommended  for  metals  analyses,  as  zinc  and 
cadmium  levels  in  ground  water  samples  may  be  elevated  from  zinc 
coating. 

Type  316L  stainless  steel  or  other  alloys  should  be  considered  for  use  in 
sulndic  waters. 

Threaded,  flush  joint  casing  is  required.  No  glues  are  allowed. 

^9^tieep  wells  ^e  screen  must  be  chosen  to  withstand  the  column  weight 
without  collapsing.  The  screen  shall  pass  no  more  than  10  percent  of 
pack  matenal  or  in-situ  aquifier  materim. 

The  field  geolo^t  shall  specify  the  combination  of  screen  slot  size  and 
gravel  pack  gradation. 
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Annual  Materials 

Material  placed  in  the  annular  space  between  the  borehole  and  well-riser  pipe  includes 
a  gravel  pack  when  necessary,  a  bentonite  seal,  and  cement  grout.  In  general,  all  of  these  ^ 
should  be  installed  via  a  tremie  pipe  placed  in  the  annular  space.  The  so  called  "gravel  pack"  is 
usually  a  fine  to  medium  grained  uniform  sand.  The  quantity  of  sand  placed  in  the  annular 
space  is  dependent  upon  the  length  of  the  screened  interval  but  should  always  extend  two  to 
three  feet  above  the  top  of  the  screen.  At  least  two  to  three  feet  of  bentonite  pellets  or  j 
granular  bentonite  shall  be  placed  above  the  gravel  pack. 

Bentonite  expands  by  absorbing  water  and  provides  a  seal  between  the  screened 
interval  and  the  rest  of  the  annular  space  and  formation.  Cement  grout  is  placed  on  top  of  the 
bentonite  to  the  surface.  The  grout  effectively  seals  the  well  and  eliminates  the  possibility  of 
surface  runoff  reaching  the  screened  interval.  Grouting  also  replaces  material  removed  during 
drilling  and  prevents  hole  collapse  and  subsidence  around  the  well.  A  tremie  pipe  shall  be  ' 
used  to  introduce  grout  from  the  bottom  of  the  hole  upward,  to  prevent  bridging  and  to  j 
provide  a  better  seal.  In  some  shallow  holes,  it  may  be  more  practical  to  pour  the  cement  from  I 
the  surface  without  a  tremie  line. 

Grout  is  a  general  term  which  has  several  different  connotations.  For  all  practical 
purposes  within  the  monitoring  well  installation  industry,  grout  refers  to  the  solidified  material 
which  is  installed  and  occupies  the  annular  space  above  the  bentonite  seal.  Grout,  most  of  the  i 
time,  is  made  up  of  two  assemblages  of  material,  i.e.,  a  cement-bentonite  grout  or  a  neat 
cement  grout.  A  cement  bentonite  grout  normally  is  a  mixmre  of  cement,  bentonite  and  water  i 
at  a  ratio  of  one  90  pound  bag  of  Portland  Type  I  cement,  three  to  five  pounds  of  granular  or  i 
flake-type  bentonite  and  six  gallons  of  water.  Neat  cement  is  made  up  of  one  90  pound  bag  of 
Portland  Type  I  cement  and  six  gallons  of  water. 

Protective  Equipment 

When  the  well  is  completed  and  grouted  to  the  surface,  protective  steel  casing  is  often 
placed  over  the  top  of  the  well.  This  casing  generally  has  a  hinged  cap  and  can  be  locked  to 
prevent  vandalism.  A  vent  hole  shall  be  provided  in  the  riser  pipe  just  below  the  cap  to  allow  : 
venting  of  gases  and  maintain  atmospheric  pressure  as  water  levels  rise  or  fall  in  the  well  with 
the  exception  of  wells  installed  to  monitor  gases.  The  protective  casing  has  a  larger  diameter 
than  the  well  and  is  set  into  the  wet  cement  grout  over  the  well  upon  completion.  In  addition, 
at  least  one  one-fourth  inch  hole  is  drilled  just  above  the  cement  collar  through  the  protective 
casing  which  acts  as  a  weep  hole  for  the  flow  of  water  which  may  enter  the  annulus  during  well 
development,  purging,  or  sampling. 
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Three  three-inch  diameter  Schedule  40  steel  guard  posts  filled  with  cement  is  usually 
placed  around  the  protective  steel  riser  pipe.  The  posts  are  generally  eight  feet  in  total  length 
and  installed  approximately  four  feet  into  the  ground  with  independent  concrete  footings. 

Protective  casing  which  is  level  with  the  finished  surface  is  used  in  roadway  or  parking 
lot  applications  where  the  top  of  a  monitoring  well  must  be  below  the  pavement.  The  top  of 
the  weU  is  placed  four  to  five  inches  below  the  pavement  and  cemented  to  approximately  six  or 
seven  inches  below  the  pavement.  A  proteaive  sleeve  is  set  into  the  wet  cement  around  the 
well  with  the  top  set  level  with  the  pavement.  A  locking  gasket  cap  is  placed  on  the  well  to 
seal  out  water  and  a  manhole  type  lid  placed  over  the  protective  sleeve.  The  top  of  the  well 
resembles  a  small  manhole.  If  the  cement  grout  seal  is  effective  and  does  not  leak,  the  hole 
below  the  pavement  will  hold  water.  A  drainage  system  may  be  required  to  direa  pooled 
water  away  from  the  well  bead. 

S2  Monitoring  Well  Construction 
Predrilling  Activities 

Underground  utiUty  maps  for  the  immediate  vicinity  of  the  drilling  site  will  be  reviewed 
and  proposed  drilling  locations  win  be  staked  in  the  field  for  inspection.  Digging  permits  wiU 
then  be  obtained.  No  drilling  will  be  done  without  the  required  digging  permits. 

*  screen  to  insure  that  no  damage  has  occurred  during  shipment 

and  decontamination.  Also  record  the  type  and  class  of  material  and 
screen  slot  size.  Check  the  slot  size  with  a  feeler  gauge  to  insure  that  the 
screens  are  properly  labeled. 


Prior  to  placing  well  materials  in  the  borehole  place  a  1  to  2  foot  backfill 
of  filter  pack  material  below  the  base  of  the  screen.  The  filter  pack  will 
co^ist  of  chemically  inert  (e.g.  clean  quartz  sand,  silica  or  glass  beads) 
well  roimded  and  dimensionally  stable. 

Assemble  the  well  casing  and  screen  and  place  the  material  in  the 
borehole.  Attach  centralizers  as  specified  in  the  Project  Work  Plan  to 
ensure  that  each  well  is  straight  as  possible  and  centered  in  the  borehole. 

sampling  cup  device  1  to  2  foot  long  may  be  attached  to  the 
bed  of  the  well  to  aid  in  coUeaing  fine-grained  sediments  and  to  capmre 
dense  mmerals  contaminants  for  analysis. 

NOTE:  All  well  screen,  riser  pipe,  sump,  bottom  plug  and  cap  will  be 
threaded  and  flush  jointed.  No  glues  or  solvents  are  to  be  used  in 
momtonng  weD  installation. 


Record  the  depth  of  the  base  of  the  well,  the  top  of  the  screen,  and  the 
screen  length  in  the  monitoring  well  construction  log. 
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Placement  of  Filter  Pack  and  Annular  Seal 

.  Place  the  monitoring  well  filter  pack  by  slowly  pouring  filter  pack 
material  directly  or  pumping  a  sand  slurry  through  a  tremie  pipe  into  the 
annulus  beween  the  well  screen  and  the  open  borehole  wall.  If  the 
borehole  will  not  stand  open  place  filter  pack  material  directly  into  the 
annulus  between  the  auger  wall  and  the  well  casing  and  screen.  Then 
gradually  pull  back  the  auger  string  in  small  increments  (2  feet  at  a  time) 
to  allow  the  sand  to  settle  around  the  screen  below  the  augers.  Care  will 
be  taken  to  prevent  filter  pack  material  from  bridging  between  the 
borehole  wall  or  augers  and  the  well  screen  and  riser  pipe. 


NOTE:  THie  filter  pack  material  will  be  chemically  inert  (e.g.,  clean  quartz  sand, 
silica,  or  glass  beads)  with  particles  that  are  well-rounded.  Fabric  filters 
are  not  permitted. 


The  filter  pack  material  will  be  placed  from  the  bottom  of  the  well  to  a 
nominal  two  feet  above  the  top  of  the  screen.  The  depth  to  the  top  of  the 
sand  pack  will  be  recorded.  Note  the  number  of  bags  of  sand  used. 

Tremie,  or  for  shallow  wells  {<,  35  feet)  gravity  feed,  bentonite  pellets  or 
chips  (not  powder)  onto,  the  top  of  the  filter  pack  to  form  a  2  to  3  foot 
seal.  Bentonite  pellets  must  be  used  if  the  seal  is  to  be  seated  below  the 
water  table.  Granular,  flake  or  slurried  bentonite  may  be  used  above  the 
water  table.  If  a  tremie  pipe  is  used,  slowly  withdraw  the  pipe  as  the 
bentonite  is  added  to  ensure  even  placement  around  the  annulus.  Check 
the  depth  with  a  weighted  tape. 

Follow  manufacturer’s  specifications  for  hydration  time.  Record  the 
depth  to  the  top  of  the  bentonite  seal,  the  number  of  buckets/bags  of 
bentonite  used,  and  the  amount  of  water  added  for  hydration  (if 
applicable)  on  the  Monitoring  Well  Construction  Log. 

NOTE:  The  annular  seal  material  must  be  chemically  compatible  with 
the  well  materials  and  contaminants  and  chemically  insert  so  it  does  not 
affert  the  quality  of  groundwater  samples.  The  permeability  of  annular 
seals  will  be  one  to  two  orders  of  magnitude  less  than  the  surrounding 
formation. 


.  Tremie  a  neat  cement-bentonite  grout  above  the  bentonite  seal  by 
pumping  it  through  a  tremie  pipe  (with  its  bottom  opening  set  top  of  the 
well  seal  to  prevent  dismrbance  of  the  seal  during  pumping  activities), 
md  allow  the  grout  to  rise  in  the  borehole  annulus  to  the  bottom  of  the 
frost  line. 

NOTE:  Cement-bentonite  grout  typically  consists  of  one  94.pound  sack  of 
Portland  cement  and  3  to  5  pounds  of  powdered  bentonite  with  6.5  of 
Portland  cement  and  3  to  5  pounds  of  powdered  bentonite  with  6.5 
gallons  of  water.  Mix  the  bentonite  and  water  first,  and  then  add  the 
cement  (Driscol  1986).  Check  the  density  with  a  mud  balance  to  ensure 
proper  mixture  ratio. 
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the  frost  line  to  the  base  of  the  well  completion. 
ASTM  Type  II  cement  should  be  used  where  ground-water  contains 
dissolved  sulfates. 


Above  Ground  Well  Completion 

Notch  the  north  side  of  the  well  casing  with  a  hacksaw  or  file.  The  notch 
will  be  the  point  from  which  surveys  and  subsequent  water  level 
“Inurements  wiU  be  measured.  Ensure  no  filings  or  PVC  shavings  enter 

For  wells  that  are  completed  above  the  ground  surface  the  finish  casing 
should  extend  approximately  2-1/2  feet  above  the  land  surface  with  a 
protective  steel  riser  pipe  equipped  with  a  hinged,  loose-fitting  cap  that 
c^  be  locked  to  prevent  unauthorized  entry.  Sufficient  space  must  be 
allowed  between  the  protective  casing  lid  and  the  top  of  the  well  riser 
pipe  for  a  well  cap.  the  minimum  size  for  2-inch  well  is  6-inch  protective 
caang.  The  riser  pipe  should  extend  approximately  2  feet  above  the  land 


Consort  a  concret^ad  around  the  protective  casing  within  24  hours  of 
well  i^tall^om  The  pad  shall  slope  away  fi-ora  the  casing  in  all 
oirecuons.  Ernbed  a  brass  surveyors  pin  in  the  concrete  pad  and  stamp 
the  well  Identificauon  Number  and  elevation  of  the  top  of  the  casing  in 
toe  pm  and  on  toe  top  of  the  Protective  Casing  and  toe  Inner  Casing. 
iDc  pad  size  shall  be  as  stated  in  the  project-specific  work  plan. 


Drill  a  1/4  inch  diameter  weep  hole  into  toe  side  of  the 
near  the  top  of  the  conaete  pad  to  permit  drainage. 


protective  casing 


Inst^  three  3-mch  diameter  by  8-foot  long,  concrete-filled  (schedule  40) 
steel  ^ard  postt  radially  around  the  concrete  pad.  The  guard  posts  will 

corSete^^oto^^^*^^  ground  with  independent 


Flush  Mount  Completions 

For  wells  that  are  completed  flush  with  the  land  surface,  install  a  well  vault  over  the 
well  riser  pipe.  The  vault  will  be  water-tight  and  equipped  with  a  locking  mechanism  to 
prevent  unauthorized  entry.  A  system  for  drainage  also  should  be  installed.  For  flush-mount 

completions,  the  top  of  the  well  is  four  to  five  inches  below  ground  surface  and  concreted  to  at 
least  six  inches  below  ground  surface. 

Monitoring  Well  Installations  in  Confined  Aquifers 


1. 


Advance  m  oversized  ^rehole  through  unconsolidated  surface  deposits 
to  a  depth  of  2  to  3  ft  into  the  top  of  toe  confining  bed.  In  general,  the 
borehole  should  be  2  m.  m  diameter  larger  than  the  casing  to  be  installed 
when  a  tremie  is  to  be  used. 
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2.  Condition  the  borehole  by  circulating  air  (or  mud,  if  used)  or  by  rotating 
augers  without  drilling  until  the  hole  is  cleaned  of  cuttings. 


3.  While  performing  Step  2,  make-up  the  necessary  length(s)  of  surface 
casing.  Surface  casing  may  be  of  mild  or  galvanized  steel. 

4.  Pressure  grout  bentonite  pellets  or  chips  to  fill  the  portion  of  the 
borehole  in  the  confining  bed.  If  the  bentonite  seal  is  to  be  set  below  the 
static  water  level,  only  pellets  may  be  used.  The  bentonite  should  hydrate 
in  the  presence  of  groundwater,  but  potable  or  distilled  water  may  be 
added  ii  needed. 

5.  Insert  the  surface  casing  into  the  borehole  and  push  firmly  into  the 
bentonite  seal  in  the  confining  bed. 

6.  Mix  Portland  cement  with  bentonite  powder  (as  previously  described) 
arid  water  to  m^e  a  pumpable  slurry.  Weigh  the  bentonite  before 
mixmg;  the  addition  of  more  than  3  lbs  of  bentonite  will  severely  reduce 
grout  strength. 

7.  Imert  the  tremie  pipe  into  the  borehole  and  begin  pumping  grout  Slowly 
withdraw  the  tremie  pipe  as  the  annulus  fills  to  ensure  even  placement 
with  no  bridging. 

8.  Allow  grout  to  cure  for  48  hours  or  longer  before  proceeding. 

9.  After  grout  has  cured,  rig  up  with  a  smaller  diameter  bit  and  proceed  with 
drfilmg.  Advance  the  borehole  to  the  desired  depth.  The  hole  should  be 
drilled  a  few  feet  deeper  than  necessary  to  allow  for  cave-ins  during 
casing  placement  If  more  than  one  aquifer  will  be  encoimtered  during 
drilling,  the  well  must  be  cased  in  separate  stages  to  prevent  cross- 
contamination.  Step  1  through  8  of  this  section  should  be  followed  for 
each  separate  aquifier  that  must  be  cased  off. 

10.  Condition  the  borehole  by  circulation  air  (or  mud,  if  used)  until  the  hole 
is  cleaned  of  cuttings.  Pull  the  drill  string  out  of  the  borehole  when  no 
additional  cuttings  reach  the  surface.  Check  the  hole  depth  with  a 
weighted  surveyor’s  type. 

11.  Make  up  the  casing  string  in  manageable  sections  whfie  conditioning  the 
borehole.  The  casing  and  screen  (if  used)  must  be  decontaminated  in 
accordance  with  FP  3-2  before  mtike-up.  Tighten  casing  joints  to  the 
manufacturer’s  specifications. 

12.  Insert  the  first  segment  of  the  casing  string  and  lower  to  a  convenient 
height  for  adding  the  second  casing  segment  Chock  the  casing,  add  the 
second  segment  then  release  the  chock  and  lower  the  ca-ring  Repeat  this 
process  until  the  full  casing  string  is  hanging  in  the  well.  Centralizers, 
beginning  at  the  top  of  the  screen,  should  be  placed  at  30  to  40  ft. 
mtervals,  according  to  the  proiect-spedfic  work  plan.  The  casing  string 
should  be  allowed  to  hang  m  the  well  rather  than  set  on  bottom,  raong 
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strmgs  wi^  Teflon  screens  should  never  be  set  on  the  bottom  because  the 
weight  of  casing  will  significantly  reduce  the  slot  size  and  may  collapse 
the  screen.  ^ 


13.  tremie  to  near  the  bottom  of  the  screen  and  begin  running  the 
mter  material  through  the  tremie.  Slowly  withdraw  the  tremie  so  that  the 
filter  pack  a  placed  evenly  around  the  saeen  without  bridging.  One  to 
two  feet  of  filter  pack  material  must  be  spotted  at  the  bottom  of  the  hole 
under  the  screen.  The  filter  pack  must  be  installed  to  at  least  2  to  3  ft’ 
above  the  top  of  the  screens.  If  the  top  of  the  screen  is  below  the  bottom 
of  the  confining  layer,  extend  the  filter  pack  to  the  confining  layer  if 
appropriate.  Develop  the  well  according  to  FP  5-2  to  settle  the  filter  pack 
and,  if  used,  remove  slurry  water. 

14.  If  the  filter  pack  was  placed  as  a  slurry,  withdraw  the  tremie  pipe,  rinse 
wth  potable  water,  and  diy  before  proceeding  to  add  die  bentonite  seal 
The  potable  nnsewater  does  not  have  to  be  contained.  If  the  filter  pack 
was  installed  dry,  do  not  remove  the  tremie  unless  a  larger  diameter  pipe 
IS  needed  for  installing  the  bentonite  seal  and  grout.  Check  the  depth  of 
the  filter  pack  to  ensure  that  it  rises  above  the  top  of  the  screen. 

Tremie  _  bentonite  pellets  or  chips  onto  the  top  of  the  filter  pack. 
Bentomte  pellets  must  be  used  for  installations  below  the  water  table. 
Granules,  chips  flakes,  or  slurries  are  suitable  for  use  above  the  water 
mole.  Bentonite  slurry  or  pellets  must  be  used  where  the  seal  is  installed 
belw  the  water  table,  the  bentonite  seal  must  extend  2  to  3  ft.  into  the 
confij^g  layer,  if  possible.  Slowly  withdraw  the  tremie  pipe  as  bentonite 
IS  added  to  ensure  even  placement  around  the  casing  without  bridging. 

18.  Hydrate  the  bentonite  according  to  the  manufacturer’s  specifications 
Record  amount  of  water  used. 

19.  Mis  Portland  cement  with  powdered  bentonite  (as  previously  described) 

and  water  to  make  a  pumpable  slurry.  Weigh  the  bentonite  before 
mixmg;  addition  of  more  than  3  lbs  of  bentonite  will  severely  reduce 
grout  strength.  ^ 

20.  Tremie  Ae  gout  into  the  annulus.  Slowly  withdraw  the  tremie  pipe  as 
toe  amtous  fflls  to  ensure  even  placement  Grout  the  well  to  within  2  to 
3  ft  of  toe  surface,  but  not  above  the  average  frost  line. 

21.  After  instaUing  grout  dismantal  and  clean  tremie  equipment 
Monitoring  Well  Completion  and  Borehole  Records 

The  Field  Geologist  will  record  the  Uthology  and  complete  a  drilUng  record  for  all 
single  borings  and  the  deepest  borehole  drilled  at  each  multiple  hole  drilling  location. 

See  Section  9.0  Attachments  for  specific  well  type.  Borehole  logging  will  be  in 
accordance  with  FP  7-3. 
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9.0  ATTACHMENTS 

9.1  Standard  Monitoring  Well  Construction 

9J2  Monitoring  Well  Construction  When  Water  Table  is  Near  Land  Surface. 

9  J  Monitoring  Well  Construction  With  Sealed  Cap  and  Flush  Surface  Presentation. 

9.4  Monitoring  Well  Construction  With  Telescoped  Casing. 

9.5  Monitoring  Well  Construction  Logs: 

.  Standard 

.  Standard  Flush  Mount 

.  Double  Cased 

.  Double  Cased  Flush  Mount 

.  Open  Hole 

.  Open  Hole  Flush  Mount 
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monitoring  well  construction  when  water  table  is  near  lan^d  surface 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  provide  general  reference  information  and  technical 
guidance  pertaining  to  the  construction  and  completion  of  a  piezometer  (well-point)  used  for 
measuring  water  level  elevations. 

2.0  SCOPE 

This  procedure  applies  to  the  installation  and  development  of  a  piezometer  and  well- 
point  installation.  The  methods  described  may  be  modified  by  project-specific  requirements 
for  piezometer  and  well  point  construction.  In  addition,  many  states  have  specific 
requirements  and  regulations  pertaining  to  well  construction,  permitting,  and  completion. 
Consequently,  these  requirements  must  be  ascertained  during  the  development  of  the  Project 
Work  Plan. 

3.0  REQUIREMENTS 

Piezometers  are  an  efficient  and  relatively  inexpensive  method  of  determining  static 
water  levels,  in  addition  to  establishing  horizontal  and  vertical  ground  water  flow  directions. 

4.0  REFERENCES 

4.1  Driscoll,  G.  Fletcher,  1986.  Groundwater  and  Welb.  Johnson  Division,  St.  Paul, 
Minnesota,  pp.  740-763. 

4J  U.S.  Environmental  Protection  Agency,  1987.  Ground  Water,  Publication  EPA/625/6- 
87/016. 

4J  U.S.  Dept,  of  the  Interior,  1981.  Ground  Water  Manual,  A  Water  Resources  Technical 
Publication,  Water  and  Power  Resources  Services. 

4.4  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

4.5  Engineering-Science,  Inc.,  1990.  Remedial  Investigation  Report,  Duluth,  Minnesota  Air 
National  Guard  Base. 
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5.0  DEFINITIONS 

Monitoring  Well  -  A  well  which  is  properly  screened  (if  screening  is  necessary),  cased, 
and  seated  and  is  capable  of  providing  a  ground-water  level  and  sample  representative  of  the 
zone  being  monitored. 

Piezometer  -  A  pipe  or  tube  insened  into  an  aquifer,  open  to  water  flow  at  the  bottom 
and  open  to  the  atmosphere  at  the  top  and  used  to  measure  water  level  elevation. 
Piezometers  may  range  in  size  from  1/2-inch  diameter  plastic  tubes  to  well  points  or 
monitoring  wells. 

Well  Point  -  A  screened  or  perforated  tube  (1  1/4"  -  2"  in  diameter)  with  a  solid, 
conical,  hardened  point  at  one  end.  The  well  point  may  be  installed  into  the  ground  with  a 
sledge  hammer,  drive  weight,  mechanical  vibrator  or  by  drilling  (i.e.,  HSA,  Rotosonic).  The 
exact  method  of  well  point  installation  is  dependent  on  the  type  lithology  and  sampling  depth. 
Well  points  may  be  used  for  ground-water  injection  and  recovery,  as  piezometers  (i.e.,  to 
measure  water  levels),  or  to  provide  ground-water  samples  for  water  quality  screening. 

6.0  RESPONSIBILITIES 

6.1  Driller 

The  driller  provides  to  the  Field  Geologist  adequate  and  operable  equipment,  sufficient 
quantities  of  materials,  and  an  experienced  and  efficient  labor  force  to  perform  all  phases  of 
proper  monitoring  well  construction.  He  is  responsible  for  obtaining,  in  advance,  any  required 
permits  for  monitoring  well  construction. 

62  Rig  Geologist 

The  Rig  Geologist  supervises  well  construction  by  the  Driller,  documents  all  phases  of 
well  construction  and  installation,  and  insures  that  well  construction  is  adequate  to  provide  a 
representative  ground-water  sample.  Geotechnical  engineers,  field  technicians,  or  other 
suitably  trained  persoimel  may  also  serve  in  this  capacity. 

7.0  EQUIPMENT 

7.1  Field  Log  Book  and  Indelible  Ink  Pen 

72  Monitoring  Well  Construction  Log 

73  Folding  or  Retractable  Engineers  Rule 

7.4  Weighted  Tape 

7.5  Slot  Size  or  Feeler  Gauge 

7.6  Material  required  for  construction  and  completion  of  piezometer 
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8.0  PROCEDURE 


The  following  guidelines  apply  to  the  construction,  documentation,  and  completion  of 
monitoring  wells.  However,  in  many  cases,  these  requirements  are  also  pertinent  to 
piezometer  and  well  point  installation. 

8.1  Piezometer  Installation 

Techniques  involved  in  piezometer  or  well  point  installation  vary  from  site  to  site  and 
are  largely  dependent  on  the  overall  lithology  of  the  area  in  question.  For  example,  in  areas  of 
mixed  lithologies  or  areas  containing  copious  amounts  of  clay,  simple  piezometric  or  well  point 
installation  may  not  be  practical  or  effective.  Difficulties  encountered  in  driving  a  piezometer 
or  weU  point  in  boulder  ridden  glacial  tills  is  obvious  (i.e.,  bent,  or  broke  pipe  length,  screen 
damage). 

Piezometer  or  Well  Point  Borehole  Installation 

.  Inspect  the  screen  to  insure  that  no  damage  has  occurred  during  shipment 
and  decontamination.  Also  record  the  type  and  class  of  material  and 
saeen  slot  size.  Check  the  slot  size  with  a  feeler  gauge  to  insure  that  the 
screens  are  properly  labeled. 

.  Prior  to  placing  well  materials  in  the  borehole  place  a  1  to  2  foot  backfill 
of  filter  pack  material  below  the  base  of  the  screen.  The  filter  pack  will 
consist  of  chemically  inen  (e.g.  clean  quanz  sand,  silica  or  glass  beads) 
well  rounded  and  dimensionally  stable. 

.  Assemble  the  well  casing  and  screen  and  place  the  material  in  the 
borehole.  Attach  centralizers  as  specified  in  the  Project  Work  Plan  to 
ensure  that  each  well  is  straight  as  possible  and  centered  in  the  borehole. 

A  sump  or  sampling  cup  device  1  to  2  foot  long  may  be  attached  to  the 
bed  of  the  well  to  aid  in  colleaing  fine-grained  sediments  and  to  capture 
dense  immiscible  contaminants  for  analysis. 

NOTE:  All  well  screen,  riser  pipe,  sump,  bottom  plug  and  cap  will  be 
threaded  and  flush  jointed.  No  glues  or  solvents  are  to  be  used  in 
monitoring  well  installation. 

.  Record  ^e  depth  of  the  base  of  the  well  and  the  top  of  the  screen  on  the 
monitoring  well  construction  log. 

Placement  of  Filter  Pack  and  Annular  Seal 

Place  the  monitoring  wells  filter  pack  by  slowly  pouring  filter  pack 
material  directly  or  pumping  a  sand  slurry  through  a  tremie  pipe  into  the 
aimulus  between  well  screen  and  the  open  borehole  wall.  If  the  borehole 
will  not  stand  open  place  filter  pack  material  directly  into  the  annulus 
between  the  auger  wall  and  the  well  casing  and  screen.  Then  graduEilly 
pull  back  the  auger  string  in  small  increments  (2  feet  at  a  time)  to  allow 
the  sand  to  settle  around  the  screen  below  the  augers.  Care  will  be  taken 
to  prevent  filter  pack  material  from  bridging  between  the  borehole  wall 
or  augers  and  the  well  screen  and  riser  pipe. 
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NOTE:  The  filter  pack  material  will  be  chemically  inert  (e.g.,  clean 
quartz  sand,  silica,  or  glass  beads)  with  particles  that  are  well-rounded 
Fabric  filters  are  not  permitted. 


.  The  filter  pack  material  will  be  placed  from  the  bottom  of  the  well  to  a 
nominal  2  feet  above  the  top  of  the  screen.  The  depth  to  the  top  of  the 
sand  pack  will  be  recorded  on  the  Monitoring  Well  Construction  Log 
form.  Note  the  number  of  bags  of  sand  used. 

.  Tremie,  or  for  shallow  wells  (<  35  feet)  gravity  feed,  bentonite  pellets  or 
chips  (not  powder)  onto  the  top  of  the  filter  pack  to  form  a  2  to  3  foot 
seal.  Bentonite  pellets  must  be  used  if  the  seal  is  to  be  sealed  below  the 
water  table.  Grannular,  flake  or  slurried  bentonite  may  be  used  above 
.  the  water  table.  If  a  tremie  pipe  is  used,  slowly  withdraw  the  pipe  as  the 
bentonite  is  added  to  ensure  even  placement  around  the  annulus.  Check 
the  depth  with  a  weighted  tape. 

.  Follow  manufactures  specifications  for  hydration  time.  Record  the  depth 
to  the  top  of  the  bentonite  seal,  the  number  of  buckets/bags  of  bentonite 
used,  and  the  amount  of  water  added  for  hydration  (if  applicable). 

NOTE:  The  annular  seal  material  must  be  chemically  compatible  with 
the  well  materials  and  contaminants  and  chemically  insert  so  it  does  not 
affea  the  quality  of  ground-water  samples.  The  permeability  of  annular 
seals  will  be  one  to  two  orders  of  magnitude  less  than  the  surrounding 
formation. 

.  Tremie  a  neat  cement-bentomte  grout  above  the  bentonite  seal  by 
pumping  it  through  a  tremie  pipe  (with  its  bottom  opening  set  about  1 
foot  above  the  top  of  the  well  seal  to  prevent  disturbance  of  the  seal 
during  pumping  activities),  and  allow  ±e  grout  to  rise  in  the  borehole 
annulus  to  the  bottom  of  the  frost  line.  Some  piezometers  may  be 
backfilled  to  the  surface  with  drill  cuttings. 

NOTE;  Cement-bentonite  grout  typically  consists  of  one  94-pound  sack 
of  Portland  cement  and  3  to  5  pounds  of  powdered  bentonite  with  6.5 
gallons  of  water.  Mix  the  bentonite  and  water  first,  and  then  add  the 
cement  (Driscol  1986). 

.  Place  concrete  from  the  frost  line  to  the  base  of  the  well  completion. 

Above  Ground  Well  Completion 

.  Notch  the  north  side  of  the  well  casing  with  a  hacksaw  or  file.  The  notch 
will  be  the  point  from  which  surveys  and  subsequent  water  level 
measurements  will  be  measured.  Ensure  no  filings  or  PVC  shavings  enter 
the  weU.  ^ 

•  For  wells  that  are  completed  above  the  ground  surface  the  finish  ra<;inp 
should  extend  approximately  2-1/2  feet  above  the  land  surface  with  a 
proteaive  steel  riser  pipe  equipped  with  a  hinged,  loose-fitting  cap  that 
can  be  locked  to  prevent  unauthorized  entry.  Sufficient  space  must  be 
allowed  between  the  protective  casing  lid  and  the  top  of  the  well  riser 
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pipe  for  a  well  cap.  The  minimum  size  for  a  2-inch  well  is  a  6-inch 
protective  casing.  The  riser  pipe  should  extend  approximately  2  feet 
above  the  land  surface. 


Construct  a  concrete  pad  around  the  protective  casing  within  24  hours  of 
well  installation.  Embed  a  brass  surveyors  pin  in  the  concrete  pad  and 
stamp  the  well  identification  number  and  elevation  of  the  top  of  the 
casing  in  the  pin  and  on  the  top  of  the  Protective  Casing  and  the  Inner 
Casing.  The  pad  size  shall  be  as  stated  in  the  project-specUic  work  plan. 

.  Drill  a  1/4  inch  diameter  weep  hole  into  the  side  of  the  protective  casing 
near  the  top  of  the  concrete  pad  to  permit  drainage. 

Install  three  3-inch  diameter  by  8-foot  long,  concrete-filled,  steel  guard 
posts  radially  around  the  concrete  pad.  The  guard  posts  will  extend 
approximately  four  feet  into  the  ground  with  independent  concrete 
footings. 

Simple  Piezometer  or  Drive  Point  Design  and  Installation 

Each  piezometer  should  consist  of  three  essential  components: 

A  watertight  standjjipe  of  the  smallest  possible  diameter,  consistent  with 
the  method  of  reading,  attached  to  the  top  and  extending  to  the  surface. 

.  A  tip  consisting  of  a  well  screen,  porous  tube,  or  other  similar  feature, 
and  m  fine-grained  materials,  a  surrounding  zone  of  filter  sand, 

.  A  seal  consisting  of  cement  grout,  bentonite  slurrv,  or  other  similar  slowly 
permeable  material  placed  between  the  standpipe  and  the  hole  to  isolate 
the  zone. 

If  the  area  under  investigation  is  underlain  by  porous  sands,  a  simple  piezometer  or  well 
point  may  be  installed  using  a  detachable  drive  point  attached  to  a  stainless  steel  pipe.  The 
pipe  is  driven  into  the  ground  using  a  sledge  hammer,  drive  weight  or  mechanical  vibrator. 

.  Using  a  hand  auger  or  hand-held  power  auger,  drill  a  vertical  pilot  hole  to 
the  desired  depth.  The  pilot  hole  should  be  of  the  same  or  sli^tly  larger 
diameter  than  the  piezometer  casing. 

.  Make  up-segment  of  riser  pipe  of  appropriate  length  for  driving  using  a 
slotted  pierometer  point  or  slotted  screen  with  attached  drive  point  at  the 
bottom. 

•  Drive  the  first  segment  to  within  about  1  foot  of  the  ground  surface. 

•  Con^ue  adding  riser  pipe  segments  and  driving  until  the  screened 
portion  is  seated  at  the  correct  depth. 

Construct  a  seal  of  cement  grout,  bentonite  slurry,  or  other  equally  low 
permeable  materiaL 
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The  top  of  the  pipe  should  extend  at  least  one  foot  above  the  ground 
surface  unless  a  pit  installation  is  necessary. 


.  Fit  the  top  with  a  screwcap  or  locking  cap  containing  a  small  hole  to 
penmt  adjustment  of  air  pressure  in  the  pipe.  Where  artesian  flow 
conditions  are  present,  a  tight-fitting  cap  which  has  been  drilled  and 
tapped  for  a  Bourdon  gauge  or  mercury  manometer  should  be  used. 

S2  Limitations 

.  Piezometers  are  not  generally  intended  to  be  used  for  the  collection  of 
ground-water  samples  for  full  laboratory  analysis,  unless  completion 
procedure  would  support  that  data  quality  level.  Samples  may  be 
collected  and  used  for  screening, 

.  Drive  point  piezometers  should  be  considered  to  be  short  term  (~2 
weeks)  temporary  installations  and  should  be  abandoned  as  soon  as  the 
data  needs  are  met. 


9.0  ATTACHMENTS 

9.1  Typical  well  point  construction  used  in  areas  containing  clay  rich  glacial  sediments 
92  Typical  Piezometer  Diagram. 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  requirements  for  developing  monitoring 
wells  to  increase  permeability  and  ensure  a  representative  sample  of  ground  water  obtained 
from  the  aquifer. 

2.0  SCOPE 

This  procedure  applies  to  development  of  wells  by  either  the  bailing  or  pumping 
technique. 

3.0  REQUIREMENTS 

The  purpose  of  well  development  is  to  stabilize  and  increase  the  permeability  of  the 
gravel  pack  around  the  well  screen,  and  to  restore  the  permeability  of  the  formation  which  may 
have  been  reduced  by  drilling  operations.  The  selection  of  the  well  development  method  shall 
be  made  by  a  hydrogeologist  and  is  based  on  the  drilling  methods,  well  construction  and 
installation  details,  and  the  charaaeristics  of  the  formation  in  which  the  well  is  screened.  Any 
equipment  introduced  into  the  well  during  development  shall  be  decontaminated  in 
accordance  with  FP  3-1. 

Each  monitoring  well  will  be  developed  by  bailing  or  pumping.  Centrifugal  pumps  will 
generally  be  used  to  develop  shallow  wells  with  high  yield.  Submersible  pumps  will  generally 
be  used  to  develop  deep  wells  of  low  to  high  yield.  Equipment  availability  or  other 
circumstances  may  occasion  the  use  of  a  submersible  pump  to  develop  a  shallow  high-yield 
well  or  hand  pumps  and  bailers  to  develop  any  well.  Physical  and  chemical  parameters 
including  temperature,  pH,  specific  conductance  and  turbidity  of  the  water  will  be  measured 
during  well  development 

The  development  water  will  be  stored  in  appropriate  containers,  analyzed  and  handled 
in  accordance  with  project-specific  Work  Plan. 

Bailers  used  for  development  must  be  decontaminated  in  accordance  with  appropriate 
decontamination  procedures. 
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4.0  REFERENCES 

4.1  Driscoll,  F.G.,  1986,  Groundwater  and  Wells:  Johnson  Division,  St.  Paul,  Minnesota, 

1108  p. 

42  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

5.0  DEFINITIONS 

Swabbing  -  Swabbing  is  a  process  in  which  a  plunger-type  device  called  a  surge  plunger 
or  surge  block,  is  moved  up  and  down  within  the  well  screen  to  force  ground  water  to 
alternately  flow  in  and  out  through  the  sand  pack.  This  back  and  forth  movement  of  water 
facilitates  removal  of  fines  from  the  formation  immediately  adjacent  to  the  well,  while 
preventing  bridging  (wedging)  of  sand  grains. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  proper  implementation  of  this 
procedure. 

62  Field  Geologist 

The  Field  Geologist  is  responsible  for  withdrawing  sufficient  water  to  clarify  the  well, 
and  for  performing  physical  measurements  such  as  pH,  temperature,  specific  conductance,  and 
mrbidity  to  ensure  proper  development.  All  data  should  be  entered  into  the  field  logbook  and 
on  the  Well  Development  Log  (Attachment  9.1). 

7.0  EQUIPMENT 

7.1  Pumps. 

72  Pump  suction  lines. 

72  Swabbing  equipment  (as  necessary). 

7.4  Bailers. 

7.5  Steel  retractable  engineer’s  measuring  tape  calibrated  to  0.01  foot, 

7.6  Water  level  indicators. 

7.7  pH  meter. 

72  Specific  conductance  meter. 

7.9  Nephelometer. 

7.10  Mercury  thermometer. 

7.11  Drums  to  contain  the  development  water. 

7.12  Field  logbook. 

7.D  Well  development  log. 
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8.0  PROCEDURE 
8.1  Development 

Open  and  check  the  condition  of  the  well  head.  Check  for  organic 
vapors. 

.  Measure  the  water  level  in  the  well  before  development  begins.  Record 
the  value  to  the  nearest  0.01  foot  in  the  field  logbook. 

Prepare  the  equipment  for  developing  the  well.  For  screened  intervals 
longer  than  10  feet,  develop  the  well  in  2  to  3  foot  intervals  from  bottom 
to  top. 

.  Continue  development  until  water  appears  to  run  clear.  Collect  a  sample 
per  Section  8.2. 

.  Sampling  will  be  repeated  until  consistent  measurements  of  pH, 
temperature  and  specific  conductance  are  achieved  in  three  consecutive 
samples. 

.  Development  will  be  considered  complete  when  the  three  consecutive 
measurements,  each  separated  by  five  minutes,  have  pH  values  within  +. 

0.1  units,  temperature  .within  +.  1.0  degree  Celsius  and  specific 
conductance  within  ±  10  micromhos  per  centimeter.  The  turbidity  must 
be  less  than  5  NTU. 

.  K  the  NTU  objective  is  not  reached  within  8  hours,  a  sample  will  be 
collected  for  analysis  of  the  silt  content  by  X-ray  diffraction.  If  silt  and 
clay  are  not  present  the  well  will  be  considered  developed. 

.  If  silt  and  cl^  are  present,  the  sample  will  be  analyzed  for  Total  Organic 
Carbon  (TOC).  If  TOC  is  present,  the  well  will  be  considered  developed. 

.  If  TOC  is  not  present,  consideration  will  be  given  for  further 
development  or  abandonment 

S2  Groand’Water  Sampling 

A  pump  or  bailer  will  then  be  lowered  into  the  well.  Water  will  be  removed  from  the 
well  at  varying  depths  along  the  entire  interval  of  the  screen  until  the  effluent  begins  to  clear  of 
suspended  solids.  A  sample  of  the  development  water  will  be  tested  for  clarity,  pH, 
temperature  and  specific  conductance. 

1.  Temperature  Measmement:  The  temperature  of  the  water  will  be 
measured  to  within  one  degree  Celsius  (®C)  using  a  mercury 
thermometer.  This  measurement  will  also  be  used  to  calibrate  the  pH 
and  conductivity  meters. 

2.  pH  Measurement:  The  pH  of  the  water  will  be  measured  within  0.1  pH 
umt  using  a  portable  pH  meter.  The  meter  will  be  calibrated  daily,  per 
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3.  Specific  Conductivity  Measurement;  The  specific  conductivity  of  the 
water  will  be  measured  with  a  portable  specific  conductivity  meter.  The 
instrument  will  be  calibrated  per  FP  7-5. 


4.  Turbidity:  Turbidity  will  be  measured  using  a  nephelometer  with  a  range 
of  0  to  10  nephelometric  mrbidity  units,  an  accuracy  of  +.  0.2  NTU  and  a 
resolution  of  0.1  NTU.  This  instrument  will  be  calibrated  daily  with  a  5.0 
NTU  standard  solution  cell. 

S3  Development  Methods,  Restrictions,  and  Limitations 

Overpumping  and  Backwashing 

.  This  method  develops  the  well  by  drawing  the  water  level  down  at  a  given 
rate  and  then  reversing  the  flow  direction  so  water  is  passing  from  the 
well  into  the  formation. 

.  The  acceptable  method  of  backwashing  is  accomplished  by  starting  and 
stopping  the  pump  intermittently. 

Surging  with  a  Surge  Plunger 

.  A  surge  plunger  (also  called  a  surge  block  or  swab)  is  approximately  the 
same  diameter  as  the  well-  casing  and  is  used  to  agitate  the  water. 

.  In  formations  with  a  high  yield,  a  solid  plunger  is  the  most  effective. 

.  In  formations  with  a  high  yield,  a  valved  surge  plunger  may  be  preferred, 

as  they  are  designed  to  create  greater  inflow  than  outflow  during  surging. 

High-Velocity  Jetting 

.  Water  used  in  high-velocity  jetting  shall  be  of  known  quality  (i.e.,  a 
sampled  source). 

.  The  amount  of  water  added  shall  be  recorded  in  the  field  logbook. 

.  Jetting  should  be  used  only  if  other  methods  ar  ineffective. 

•  The  jetting  tool  should  be  rotated  and  slowly  raised  and  lowered  along 

the  length  of  the  screen  to  insure  complete  development. 

Compressed  Air 

.  For  the  closed-well  method  (i.e.,  increase  air  pressure  in  a  sealed  well 
forcing  water  out,  then  releasing  pressure  and  allowing  water  to  flow  back 
in),  care  shall  be  taken  not  to  lower  the  water  level  below  the  top  of  the 
screen. 

.  A  no  time  in  the  open-well  method  shall  air  be  injected  directly  into  the 
screened  interval. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  provide  general  reference  information  on  well 
purging  by  the  bailing  method  prior  to  the  sampling  of  ground  water  wells.  The  methods  and 

equipment  described  are  for  the  purging  of  water  samples  from  the  saturated  zone  of  the 
subsurface. 

2.0  SCOPE 

This  procedure  apphes  to  purging  water  from  relatively  low  volume  wells,  or  from  veiy 
deep  wells.  Reference  Procedure  FP  5-6  Well  Purging  -  Pumoing  Method  for  wells  too 
voluminous  for  purging  by  the  bailing  method. 

3.0  REQUIREMENTS 

Methods  for  purging  from  completed  wells  include  the  use  of  pumps,  compressed  air, 
bailers,  and  various  types  of  samplers.  The  primary  considerations  in  obtaining  a 
representative  sample  of  the  ground  water  are  to  avoid  collection  of  stagnant  (standing)  water 
m  the  well  and  to  avoid  physical  or  chemical  alteration  of  the  water  due  to  sampling 
techniques.  In  a  non-pumping  well,  there  will  be  little  or  no  vertical  miying  of  water  in  the  well 
pipe  or  casing,  and  stratification  will  occur.  The  well  water  in  the  screened  section  will  mix 
with  the  ground  water  due  to  normal  flow  patterns,  but  the  well  water  above  the  screened 
section  will  remain  isolated  and  become  stagnant. 

4.0  REFERENCES 

4.1  United  States  Environmental  Protection  Agency,  1987.  Ground  Wcaer  Handbook- 
EPA/625/6-87/016. 

5.0  DEFINITIONS 

Bailer  -  A  cylindrical  section  of  PVC,  stainless  steel,  or  Teflon  closed  at  the  top,  and 
with  a  floating  baU  check-valve  at  the  bottom.  The  baHer  is  submerged,  the  bail  floats,  and 
water  enters  from  the  bottom.  As  the  bailer  is  raised,  the  ball  setties  on  the  bottom  creating  a 
seal,  allowing  retrieval  of  a  quantity  of  trapped  water. 
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6,0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  reviewing  the  purging  procedures  used  by  the 
field  crew  and  for  performing  in-field  spot  checks  for  proper  purging  procedures. 

6.2  Site  Hydrogeologist  or  Geochemist 

Responsible  for  selecting  and  detailing  the  specific  well  purging  techniques  and 
equipment  to  be  used,  documenting  these  in  the  project-specific  work  plan,  and  properly 
briefing  the  site  sampling  personnel. 

63  Site  Geologist 

The  Site  Geologist  is  primarily  responsible  for  the  proper  well  purging  techniques. 
When  appropriate,  such  responsibilities  may  be  performed  by  other  qualified  personnel 
(engineers,  field  technicians).  The  Geologist  will  be  responsible  for  purging  of  wells, 
performing  necessaiy  physical  measurements  and  observations,  and  containment  of  purged 
water.  He  must  record  pertinent  information  including  amount  of  water  purged,  pH,  specific 
conductivity  of  emperature,  and  turbidity  in  the  Field  Log  Book  and  on  the  Ground  Water 
Sampling  Form,  Attachment  9.1. 

7.0  EQUIPMENT 

7.1  Bailers. 

12  One-quarter  inch  nylon  rope. 

13  Steel  retractable  engineer’s  measuring  tape  (Calibrated  to  0.01  foot). 

7.4  Water  level  indicators. 

13  Swabbing  equipment  (as  necessary).  • 

7.6  pH  meter. 

7.7  Specific  conductance  meter. 

7.8  Nephelometer. 

7.9  Mercury  thermometer. 

7.10  HNu  photoionization  detector. 

7.11  Drums  to  contain  the  development  water, 

7.12  Groimd  water  sampling  form.  Attachment  9.1. 

7.13  Field  log  book. 

8.0  PROCEDURE 

8.1  General 

.  The  amount  of  flushing  a  well  should  receive  prior  to  sample  collection  will 
depend  on  the  intent  of  the  monitoring  program  and  the  hydrogeologic 
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conditions. 

For  the  volumetric  method,  generally  three  to  five  well  volumes  are  considered 
effective  for  purging  a  well. 

•  An  alternative  method  of  purging  a  well  is  to  purge  continuously  (using  a  low 
volume  low  flow  pump)  while  monitoring  specific  conductance,  pH,  and  water 
temperature  until  the  values  stabilize. 

The  site  hydrogeologist,  geochemist,  and  risk  assessment  personnel  shall  define 
the  objective  of  the  groundwater  sampling  program  in  the  Work  Plan. 

8^  Calculations  of  Well  Volume 

To  insure  that  the  proper  volume  of  water  has  been  removed  from  the  well  prior  to 
sampling  it  is  first  necessary  to  determine  the  volume  of  standing  water  in  the  well  pipe  and 
the  volume  of  water  in  the  filter  pack  below  the  weU  seal.  Tht  volume  can  be  easily  calculated 
by  the  following  method.  Calculations  shall  be  entered  in  the  field  logbook: 

1.  Obtain  all  available  information  on  well  construction  (location,  casing 

screens,  etc.).  ^ 

2.  Determine  well  or  casing  and  borehole  diameter. 

3.  Measme  and  record  static  water  level  (Depth  below  ground  level  or  top 
of  casmg  reference  point),  using  one  of  the  methods  described  in  FP  7-2. 

4.  Detente  depth  of  well  (if  known  from  past  records)  by  sounding  using  a 
clean,  decontaminated  weighted  tape  measure. 

5.  Calailate  nmnber  of  linear  feet  of  static  water  (total  depth  or  length  of 
well  pipe  mmus  the  depth  to  static  water  level). 

6.  (^ralate  the  volume  of  water  in  the  casing  and  the  volume  of  water  in 
the  filter  pack. 

Vc  =  IT  (di/2)2(TD-H) 

Vf  =  IT 

2  ~  2 

TD-(SorH)(P) 

If  S  >  H  use  S,  if  S  <  H  use  H 
Vt  *  (Vc  +  Vf)  (7.48) 

Where: 

Vc  =  Volume  of  water  in  casing,  ft^ 

Vf  =  Volume  of  water  in  filter  pack,  ft^ 
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7. 


Vt  =  Total  volume,  gal 

di  =  inside  diameter  of  casing,  ft 

do  =  outside  of  diameter  of  casing,  ft 

dH  =  diameter  of  borehole,  ft 

TD  =  total  depth  of  well,  ft 

H  =  depth  to  water,  ft,  from  ground  surface 

S  =  depth  to  base  of  seal,  ft,  from  ground  surface 

P  =  estimated  porosity  of  filter  pack  (for  most  Ottawa,  Mode 

#  1  sand  or  glass  beads  this  value  is  estimated  at  a  range  of 

30  to  35%) 


Determine  the  minimum  number  of  volumes  to  be  evacuated  before 
sampling. 


8  J  Well  Purging  by  Bailing 

.  Remove  protective  foil  from  the  top  of  the  bailer. 

To  prevent  bailer  from  getting  smck  in  the  well,  the  loose  end  of  the  rope  will  be 
cut  short  enough  not  to  extend  beyond  the  sloping  portion  of  the  bailer  barrel. 
The  bailer  will  be  slowly  lowered  into  the  well  to  the  desired  level.  NOTE:  If 
resistance  is  encountered  when  lowering  into  the  well,  THE  BAILER  WILL  BE 
WITHDRAWN  FROM  THE  WELL,  and  the  Field  Operations  Leader 
informed. 

The  rope  will  be  secured  to  the  protective  casing  of  the  well  or  to  the  Geologists 
wrist 

.  To  prevent  the  introduction  of  foreign  contaminants  into  the  well,  the  bailing 
rope  will  not  be  allowed  to  contact  the  ground. 

•  The  bailer  will  be  withdrawn  from  the  well  and  the  purge  water  poured  into  the 
receptor  drum. 

.  The  bailer  will  be  lowered  and  balesful  of  water  withdrawn  repeatedly  until  the 
required  minimum  of  three  well  volumes  have  been  purged. 

Record  total  volume  of  water  removed  on  the  Ground  Water  Sampling  Form 
(Attachment  9.1)  and  in  the  field  log  book. 

.  Monitor  purge  water  for  ph3^ical  parameters  including  pH,  conductivity, 
temperature,  and  turbidity  and  record  these  values  on  the  Ground  Water 
Sampling  Form  (Attachment  9.1)  and  the  Field  Log  Book. 

.  Purging  will  continue  until  the  required  volume  of  water  has  been  removed  and 
the  physical  parameters  have  stabilized  so  that  pH  is  ±  0.1  su,  conductivity  ±  10 
umhos  and  temperature  is  ±  1  *  C,  within  three  successive  intervals. 

.  Whenever  the  receptor  drum  has  become  filled,  the  water  shall  be  stored. 
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analyxed  and  disposed  of  in  accordance  with  the  project-specific  Work  Plan. 

.  Decontaminate  the  bailers  per  FP  3-1, 

8.4  Restrictions  and  Limitations 

Bailers  are  the  simplest  evacuation  devices  and  offer  several  advantages: 

few  limitations  on  size  and  materials; 

*  no  external  power  source  needed; 

bailers  are  inexpensive  and  can  be  dedicated  to  the  well  to  reduce  cross- 
•  contamination; 

minimal  outgassing  of  volatiles; 

-  easy  to  contaminate. 

•  Limitations  on  the  use  of  bailers  include: 

time  consuming  to  remove  stagnant  water  column; 
transfer  of  sample  may  cause  aeration;  and 

use  of  bailers  is  physically  demanding,  especially  in  warm  temperatures  at 
protection  levels  above  Level  D. 

9.0  ATTACHMENTS 

9.1  Ground-Water  Sampling  Form 


I-lOl 


THIS  PAGE  LEFT  BLANK  INTENTIONALLY 


1-102 


ATTACHMENT  9.1 
FP5.5 
2  PAGES 


GROUND-WATER  SAMPLING  FORM 


Revision  Date:  January  1989 


3.  GROUNDWATER  SAMPLING  FORM 


1. 

2. 

3. 

4. 

5. 

6. 

7. 


8. 

9. 

10. 


11. 


12. 


13. 

14. 


15. 


16. 


17. 


Date/Time 
Location 
Well  No. 


Sample  No. 


Total  Depth 


Sketch  on  Back  [Y  or  N] 


Depth  to  Scr^en/Length(s) 

[Y  or  N]  Well  Secure?  Comments 


Number  of  Screened  Interval(s) 


Sampler  _ _  Other  present 

Organic  Vapor  Detector  FEL  No. 

Weather:  Wind  _ ,  Precipitation 

Water  Level  Measurement:  FEL  No. 


Reading  _ _ 

Air  Temperature 


[Y  or  N]  Weil  Labeled  _ ,  Elev.  Ref.  For  Water  Level 

Comments 

Odor  '  — 


Depth  to  Product  Depth  to  Interface/Water  Thickness 

1st 


Casing  Type  _ I.D.  _ _  Gal/Ft. 

(Show  derivation  for  gal/ft  of  casing) 


Total  Bepth  __________  -  Depth  to  Water  .  Ht. 

Well  Volume  _ _  .  Ht.  _  *  Gal/Ft.  - 

Required  Purge  Volume  _ .  Actual  Purge 

FEL  No.  's  Cond.  _  pH  _  Temp.  _  Redox  _ 

Cond.  ymhos/cm  pH  Temp.  Redox  mv 

Initial 


(Purged 

cycle) 


Sample 


Sample  Type  and  FEL  No. 


18.  (Y  or  N]  Turbid  _ _ ,  Purge  Water  Containerized 

19.  Sample  Filtered  _ _  Filter  Sire 

20.  Reviewed  By  _ _ _ _  Date/Time 

Form  Complete?  [Y  or  N] 

Decon  Complete?  [Y  or  N] 


1-104 


THIS  PAGE  LEFT  BLANK  INTENTIONALLY 


M06 


SubiMt 

Proeadura  No. 

Rav. 

FP  5-6 

0  Page  l  of  6 

WELL  PURGING  -  PUMPING  METHOD 

laauo  Data 

05/25/90 
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Sup«rMd««  Procedure 

NumbM^  R«v.  Oat* 

• 

630  FP  14 

0 

Acc«ptafie«  •  Program  QA 

Approval  -  Program  Managar 

1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  provide  general  reference  information  on  well 
purging  by  the  pumping  method  pnor  to  the  sampling  of  ground-water  wells.  The  methods  and 

equipment  described  are  for  the  purging  of  water  samples  from  the  saturated  zone  of  the 
substrata. 

2.0  SCOPE 

This  procedure  applies  to.  purging  relatively  large  volumes  of  water  in  shallow  to 
medium  depth  wells. 

3.0  REQUIREMENTS 

Methods  for  purging  from  completed  wells  include  the  use  of  pumps,  compressed  air, 
bailers,  and  various  types  of  samplers.  TTie  primary  considerations  in  obtaining  a 
representative  sample  of  the  ground  water  are  to  avoid  coUection  of  stagnant  (standing)  water 
m  the  well  and  to  avoid  physical  or  chemical  alteration  of  the  water  due  to  sampling 
techniques.  In  a  non-pumping  well,  there  will  be  little  or  no  vertical  mixing  of  water  in  the  well 
pipe  or  casing,  and  stratification  will  occur.  The  well  water  in  the  screened  section  will  mix 
with  the  ground  water  due  to  normal  flow  patterns,  but  the  weU  water  above  the  screened 
section  wiU  remain  isolated  and  become  stagnant 

4.0  REFERENCES  ’ 

4.1  United  States  Environmental  Protection  Agency,  1987.  Ground  Water  Handbook- 
EPA/625/6-87/016. 

4.2  PIAZWRAP,  February  1989.  Quality  Control  Requirements  for  Field  Methods 
DOE/HWP-69. 

5.0  DEHNinONS 
None. 
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6.0  RESPONSIBILITIES 
6.1  Project  Manager 

The  Projea  Manager  is  responsible  for  reviewing  the  purging  procedures  used  by  the 
field  aew  and  for  performing  in-field  spot  checks  for  proper  purging  procedures. 

62  Site  Hydrogeologist  or  Geochemist 

The  site  Hydrogeologist  or  geochemist  is  responsible  for  selecting  and  detailing  the 
specific  well  purging  techniques  and  equipment  to  be  used,  documenting  these  in  the  project- 
specific  work  plan,  and  properly  briefing  the  site  sampling  personnel. 

63  Site  Geologist 

The  Site  Geologist  is  primarily  responsible  for  the  proper  well  purging  techniques. 
When  appropriate,  such  responsibilities  may  be  performed  by  other  qualified  personnel 
(engineers,  field  technicians).  The  Geologist  will  be  responsible  for  purging  of  wells, 
performing  necessary  physical  measurements  and  observations,  and  containment  of  purged 
water.  He  must  record  pertinent  information  including  amount  of  water  purged,  pH,  spedfic 
conductivity,  temperamre,  and  turbidity  in  the  Field  Log  Book  and  on  the  Ground- Water 
Sampling  Form,  Attachment  9.1. 


7.0 

7.1 

72 

73 
7.4 
73 

7.6 

7.7 
73 

7.9 

7.10 

7.11 

7.12 

7.13 


EQUIPMENT 

Gasoline  or  electric  purge  pump. 

Power  source. 

Steel  retractable  engineer’s  measuring  tape  (Calibrated  to  0.01  foot). 
Water  level  indicators. 

Swabbing  equipment  (as  necessary). 
pH  meter. 

Spedfic  conductance  meter. 

Nephelometer. 

Mercury  thermometer. 

HNu  photoionization  deteaor. 

Drums  to  contain  the  dei^elopment  water. 

Ground-water  sampling  form.  Attachment  9.1. 

Field  log  book. 
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8.0  PROCEDURE 
8.1  General 


The  amount  of  flushing  a  well  should  receive  prior  to  sample  collection  will 
depend  on  the  intent  of  the  monitoring  program  and  the  hydrogeologic 
conditions. 

For  the  volumetric  method,  generally  three  to  five  well  volumes  are  considered 
effective  for  ptirglng  a  well. 

An  alternative  method  of  purging  a  well  is  to  purge  continuously  (using  a  low 
volume  low  flow  pump)  while  monitoring  specific  conduaance,  pH,  and  water 
temperature  until  the  values  stabilize. 

The  site  hydrogeologist,  geochemist,  and  risk  assessment  personnel  shall  define 
the  objective  of  the  ground-water  sampling  program  in  the  Work  Plan. 

8.2  Calculations  of  Well  Volume 

To  ensure  that  the  proper  volume  of  water  has  been  removed  from  the  well  prior  to 
sampling,  it  is  first  necessary  to  determine  the  volume  of  standing  water  in  the  well  pipe  and 
the  volume  of  water  in  the  filter  pack  below  the  well  seal.  The  volume  can  be  easily  calculated 
by  the  following  method.  Calculations  shall  be  entered  in  the  field  logbook: 

1.  Obtain  all  available  information  on  well  construction  (location,  casina 
SCTeens,  etc.). 

2.  Determine  well  or  casing  and  borehole  diameter. 

3.  Measme  and  record  static  water  level  (Depth  below  ground  level  or  top 
of  casing  reference  point),  using  one  of  the  methods  described  in  FP  7-2. 

4.  Determine  depth  of  well  (if  not  known  from  past  records)  by  sounding, 
usmg  a  clean,  decontaminated  weighted  tape  measure. 

5.  Calculate  number  of  linear  feet  of  static  water  (total  depth  or  length  of 
well  pipe  minus  the  depth  to  static  water  level). 

6.  Calculate  the  volume  of  water  in  the  casing  and  the  volume  of  water  in 
the  filter  pack. 

Vc  =  jr  (di/2)2(TD.H) 

VF  =  T  [(dH/2)2.do/2)2] 

TD.(SorH)(P) 

If  S  >  H  use  S,  if  S  <  H  use  H 

Vt  =  (Vc  +  Vf)  (7.48) 
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Where: 

Vc 

Vf 

Vt 

di  = 

do  = 

dH  * 

TD 

H 

S 

P 


Volume  of  water  in  casing, 

Volume  of  water  in  filter  pack,  fp 

Total  volume,  gal 

inside  diameter  of  casing,  ft 

outside  of  diameter  of  casing,  ft 

diameter  of  borehole,  ft 

total  depth  of  well,  ft 

depth  to  water,  ft,  from  ground  surface 

depth  to  base  of  seaL  ft,  from  ground  surface 

estimated  porosity  of  filter  pack  (for  most  Ottawa,  Morie 

#1  sand  or  glass  beads  this  value  is  estimated  at  a  range  of 

30  to  35%)  ® 


Determine  the  minimum  number  of  volumes  to  be  evacuated  before 
sampling. 


8J 


Specific  Procedure 

To  prevent  aoss  contamination  of  wells,  upgradient  and  background 
wells  should  be  purged  and  sampled  first.  - 

Open  the  well  casing  cover,  remove  the  well  cap  and  sample  the  well 
head  space  for  gaseous  contaminants  using  the  HNu  photoionization 
detector  (see  HNu  instruction  manual).  If  the  organic  vapor 
concentration  is  equal  to  or  greater  than  1000  ppm,  immediately  recap 
the  well  and  inform  the  Field  Operations  Leader. 


Measure  the  "depth  to  water"  in  the  well  in  accordance  with  the  water 
level  measurement  procediue  and  using  well  construction  data  (FP  7-2). 

Calculate  the  volume  of  water  in  the  well.  Record  this  data  in  the  purge 
notebook  and  calculate  the  volume  of  water  in  the  well.  Record  this  data 
in  the  purge  notebook  and  calculate  the  volume  of  water  required  to  be 
purged.  Normally,  the  well  will  be  purged  of  three  to  five  volumes  of 
water  or  until  the  temperature,  pH  and  conductivity  have  stabilized. 


Lower  the  purge  pump  into  the  well  until  it  is  submerged.  NOTE:!!!  If 
resistance  is  encountered  when  lowering  the  pump  into  the  well, 
WITHDRAW  THE  PUMP  FROM  THE  WELL  and  inform  the  Field 
Operations  Leader. 


Direct  the  pump  discharge  hose  into  the  receptor  bucket  and  start  the 
pump  in  accordance  with  the  pump’s  operation  manual.  Record  the  total 
volume  of  water  purged  from  the  welL  Collect  a  minimiiTn  of  three 
samples  during  purging  and  note  the  clarity  of  the  sample,  pH, 
conductivity,  and  temperature  measurements  of  the  sample  in  the  purge 
notebook. 


WTienever  the  receptor  bucket  is  filled,  dispose  of  the  purge  water  in 
accordance  with  the  project-specific  work  plan. 
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Continue  purging  the  well  until  the  required  volume  of  water  has  been 
purged  and  physical  parameters  have  stabilized. 


Carefully  withdraw  the  purge  pump  from  the  well  and  decontaminate  the 
pump  and  hose  in  accordance  with  FP  3-1. 

.  Dispose  of  all  contaminated  waste  items  in  accordance  with  the  proiea- 
specific  work  plan. 

8,4  Well  Purging  by  Pumping 

Suction  Pumps  -  There  are  many  different  types  of  inexpensive  suction  pumps  including 
centrifugal,  diaphragm,  peristaltic,  and  pitcher  pumps.  Centrifugal  and  diaphragm  pumps  r.nn 
be  used  for  well  evacuation  at  a  fast  pumping  rate  and  for  sampling  at  a  low  pumping  rate. 
The  peristaltic  pump  is  a  low  volume  pump  (therefore  not  suitable  for  weU  purging)  that  uses 
rollers  to  squeeze  a  flexible  tubing,  thereby  creating  suction.  This  tubing  can  be  dedicated  to  a 
well  to  prevent  cross  contamination.  The  pitcher  pump  is  a  common  farm  hand-pump. 

These  pumps  are  all  portable,  inexpensive  and  readily  available.  However,  because 
they  are  based  on  suction,  their  use  is  restricted  to  areas  with  water  levels  within  20  to  25  feet 
of  the  groimd  surface. 

•  A  significant  limitation  is  that  the  volume  created  by  these  pumps 
cause  significant  loss  of  dissolved  gases  and  volatile  organics. 

The  complex  internal  components  of  these  pumps  may  be  difficult  to 
decontaminate. 

Submersible  Pumps  -  Submersible  pumps  take  in  water  and  push  the  sample  up  a 
sample  tube  to  the  surface.  The  power  sources  of  these  samplers  may  be  compressed  gas  or 
electricity.  The  operation  principles  vaiy  and  the  displacement  of  the  sample  can  be  by  an 
inflatable  bladder,  sliding  piston,  gas  bubble,  or  impeller.  Pumps  are  available  for  2-in 
diameter  wells  and  larger.  These  pumps  can  lift  water  from  considerable  depths  (several 
hundred  feet). 

Limitations  of  this  class  of  pumps  include: 

*  Low  delivery  rates 

Many  models  of  these  pumps  are  expensive 
Compressed  gas  or  electric  power  is  required 

Sediment  in  water  may  cause  clogging  of  the  valves  or  eroding  the 
impellers  m  some  models 

Decontamination  of  internal  components  is  difficult  and  time-consuming. 
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9.0  ATTACHMENTS 

9.1  Ground-Water  Sampling  Form 
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Revision  Dat 


3.  GROUNDWATER  SAMPLING  FORM 


2. 

3* 

4. 

5. 

6. 

7. 

8. 

9. 

10. 


Date/Time 
Location 

Well  No.  _ 

Total  Depth 

Depth  to  Screen/Length(s) 

[Y  or  N]  Well  Secure?  Comments 


Sample  No 


Sampler 


Organic  Vapor  Detector  FEL  No. 
Weather:  Wind  .  Precipitatl^ 


Other  present 


»  -  CV- 

water  Level  Measurement:  FEL  No 

rv _ 


Reading  _ _ 

,  Air  Temperature 


[Y  or  N]  Well  Labeled 

Comments 

Odor 


Elev,  Ref.  For  Water  Level 


Depth  to  Product 
1st 


Depth  to  interface/Wat 


er 


Thickness 


12.  Casing  Type  _ _ ,  i.d. 

(Show  derivation  for  gal/ft  of' casing) 


,  Gal/Ft. 


13. 

14. 

15. 

16. 
17. 


Total  Depth  _ _ 

Well  Volume  ~ 
Required  Purge  Volume 

FEL  No.  »s  Cond.  _ _ 

Cond.  ymhos/cm 
Initial 


-  Depth  to  Water 

-  Ht. 


pH 


Actual 

Temp, 


pH 


Temp. 


_ -  Ht.  _ 

_  ^  Gal/Ft.  ~ 

Purge  _ _ 

_ _  Redox  _ 

Redox  mv 


(Purged 

cycle) 


Sample 


Sample  Type  and  FEL  No. 


18. 

19. 

20. 


[Y  or  N]  Turbid 
Sample  Filtered 
Reviewed  By 

Form  Complete?  [Y  or  N) 
Decon  Complete?  fY  or  N] 


Purge  Water  Containerized 
I  Filter  Size 
_ _ _  Date /Time 
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1.0  PURPOSE 


The  purpose  of  ±is  procedure  is  to  describe,  in  general  terms,  the  principles  and 
methods  of  securing  a  monitoring  well  borehole  from  external  contaminants  after  testing  is 
completed. 

2.0  SCOPE 

This  procedure  appHes  specifically  to  abandonment  of  test  holes  and  weUs  in  the  State 
of  Ohio  and  generally  to  other  locations  with  the  understanding  that  federal,  state  or  local 
regulations  may  modify  these  requirements.  A  specific  plan  for  abandonment  should  be 
presented  as  an  integral  part  of  the  monitoring  well  or  borehole  approval  process. 

3.0  REQUIREMENTS 

The  potential  for  entrance  of  contaminants  into  ground-water  through  monitoring  wells 
or  boreholes  that  are  not  properly  maintained  after  testing  is  complete  or  simply  abandoned,  is 
enormous. 

For  this  reason,  an  effective  method  for  preventing  the  entrance  of  contaminants  into 
ground  water  must  be  developed  and  utilized. 

4.0  REFERENCES 

4.1  Ohio  Administrative  Code  (OAC)  3745-9-10,  February  15,  1975,  Abandonment  of  Test 
Holes  and  Wells. 

5.0  DEHNITIONS 

Contaminant  -  Any  substance,  which  if  introduced,  would  degrade  the  quality  of  ground 

water. 

Grout  -  A  slurry  of  cement,  clay  or  other  material  impervious  to  and  capable  of 
preventing  movement  of  water.  Typically  a  neat  cement  grout  containing  three  to  five  percent 
bentonite  powder  by  weight. 
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6.0  RESPONSIBILITIES 


The  Field  Operations  Leader  is  responsible  for  assuring  that  monitoring  wells  and 
boreholes  are  abandoned  in  accordance  with  this  procedure. 

7.0  EQUIPMENT 

7.1  Drilling  Rig  equipped  with  appropriate  drilling  tools  and  crew. 

12  Cement,  sand,  bentonite  powder,  bentonite  pellets  or  commercial  hole-sealing 
products. 

8.0  PROCEDURE 

8.1  The  client  and  regulatory  agency  shall  determine  if  a  monitoring  well  or  borehole  is 
damaged  to  the  point  of  being  useless  or  is  no  longer  necessary  for  field  investigations. 

82  When  abandoning  a  well  containing  walls,  the  well  shall  be  filled  with  grout  from  the 
base  of  the  well  to  the  land  surface  by  tremie  pipe. 

83  Test  holes,  dug  with  a  backhoe  to  a  relatively  shallow  depth  to  test  the  water  level,  shall 
ordinarily  be  filled  with  the  material  that  was  removed  from  the  hole  and  compacted. 

8.4  Wells  with  damaged  casings  shall  be  re-drilled  to  remove  the  casing  anrj  grouted.  In 
this  way,  the  integrity  of  the  seal  in  the  annular  space;  that  is,  between  the  side  of  the 
excavation  and  the  casing,  is  assured.  This  method  is  also  recommended  in  areas  of  potentially 
high  contamination  levels  or  where  weather,  especially  frost  heaving  causes  a  void  between  the 
well  apron  and  well  casing. 

9.0  ATTACHMENTS 
None. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  define  the  requirements  necessary  for  surface  water 
and  sediment  sampling.  This  procedure  describes  methods  and  equipment  commonly  used  for 
collecting  environmental  samples  of  surface  water  and  sediment  samples  for  either  on-site 
examination  and  testing  or  for  laboratory  analysis. 

2.0  SCOPE 

Surface  water  and  sediment  sampling  is  applicable  to  almost  any  site  that  has  surface 
drainages  on  it  or  located  hydraulically  downgradient  from  it.  The  collection  of  concentrated 
sludges  or  hazardous  waste  samples  from  disposal  or  process  lagoons  often  require  methods, 
precautions  and  equipment  different  from  those  described  herein.  Consequently,  specific 
sampling  problems  may  require  the  adaptation*  of  existing  equipment  or  design  of  new 
equipment.  Such  innovations  should  be  clearly  described  in  the  project-specific  work  plan. 

3.0  REQUIREMENTS 

Many  factors  must  be  considered  in  developing  a  sampling  program  for  surface  water  or 
sediments,  including  study  objectives;  accessibility;  site  topography  flow,  mixing  and  other 
physical  characteristics  of  the  water  body;  point  and  diffuse  sources  of  contamination;  and 
personnel  and  equipment  available  to  conduct  the  study.  For  waterborne  constituents, 
dispersion  depends  on  the  vertical  and  lateral  mixing  within  the  body  of  water.  For  sediments! 
dispersion  depends  on  bottom  current  or  flow  characteristics,  sediment  characteristics  (density, 
size)  and  geochemical  properties  (which  affect  an  adsorption/desorption).  The  hydrologist 
developing  the  sampling  plan  must  know  not  only  the  mixing  charaaeristics  of  streams  and 

lakes,  but  also  must  understand  the  role  of  fluvial-sediment  transport,  deposition,  and  chemical 
sorption. 

4.0  REFERENCES 

4.1  Feltz,  HJl.,  1980.  Significance  of  Bottom  Material  Data  in  Evaluating  Water  Quality  in 
Contaminants  and  Sediments.  Ann  Arbor,  Mich.,  Ann  Arbor  Science  Publishers,  Inc.  V  1  p 
271-287. 
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42  Kittrell,  R.W.,  1969.  A  Practical  Guide  to  Water  Quality  Studies  of  Steams.  U.S.  Federal 
Water  Pollution  Control  Administration,  Washington,  D.C.,  135  p. 

43  USEPA,  1980.  Standard  Operating  Procedures  and  Quality  Assurance  Manual  Water  I 
Surveillance  Branch,  USEPA  Surveillance  and  Analytical  Division,  Athens,  Ga. 

4.4  US  Geological  Survey,  1977.  Motional  Handbook  of  Recommended  Methods  for  Water- 
Data  Acquisition.  Office  of  Water  Data  Coordination,  USGS,  Reston,  Va.  ^ 

5.0  DEFINITIONS 

Environmental  Sample  -  low  concentration  sample  typically  collected  offsite  and  not  1 
requiring  DOT  hazardous  waste  labelling  as  a  high  hazard  sample. 

Hazardous  Waste  Sample  -  medium  to  high  concentration  sample  (e.g.,  source  material 
,  sludge,  leachate)  requiring  DOT  labelling  and  Contract  Lab  handling  as  a  high  hazard 
sample. 

6.0  RESPONSIBILITIES 
6.1  Field  Operations  Leader 

The  Field  Operations  Leader  has  overall  responsibility  for  the  correct  implementation 
of  surface  water  and  sediment  sampling  activities,  including  review  of  the  sampling  plan  with, 
and  any  necessary  training  of,  the  sampling  technician(s).  The  acmal  collection,  packaging 
documentation  (sample  label  and  log  sheet,  chain-of-custody  recorded.  Contract  Lab  traffic 
reports,  etc.)  and  initial  custody  of  samples  will  be  the  responsibility  of  the  sampling 
technician(s). 

7.0  EQUIPMENT 

1.  Sampling  bottles  treated  with  preservatives  if  necessary 

2.  Specific  conductivity  meter 

3.  pH  meter 

4.  Thermometer 

5.  Stainless  steel  bowl  and  spoon 

6.  Stainless  steel  hand  auger,  shovel,  or  spoon 

7.  Filtering  equipment  (needed  if  analyzing  for  metals  in  water) 

8.  Open  tube 

9.  Dip  sampler 
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10.  Weighted  bottle  sampler 


1 1.  Hand  pump 

12.  Kemmerer  or  Van  Dorn  Sampler 

13.  Depth-Integrating  Sampler 

14.  Dredge 

8.0  PROCEDURE 

The  following  section  outlines  commonly  used  procedures  for  collecting  surface  water 
and  sediment  samples.  Criteria  for  choosing  the  conect  piece  of  sampling  equipment  is  also 
covered  in  this  section. 

8.1  Water  Sampling  Techniques 

8.1.1  Dip  Sampling 

Water  is  often  sampled  by  filling  a  container,  either  attached  to  a  pole  or  held  directly, 
from  just  beneath  the  surface  of  the  water  (a  dip  or  grab  sample).  Constiments  measured  in 
grab  samples  are  only  indicative  of  conditions  near  the  surface  of  the  water  column  and  in  the 
cross  section.  Therefore,  whenever  possible,  one  should  augment  dip  samples  with  samples 

that  represent  both  dissolved  and  suspended  constituents  and  both  vertical  and  horizontal 
distributions. 

8.1.2  Weighted  Bottle  Sampling 

A  grab  sample  can  also  be  taken  using  a  weighted  holder  that  allows  a  sample  to  be 
lowered  to  any  desired  depth,  opened  for  filling,  closed  and  returned  to  the  surface.  This 
allows  discrete  sampling  with  depth.  Several  of  these  samples  can  be  combined  to  provide  a 
vertical  composite.  Alternatively,  an  open  bottle  can  be  lowered  to  the  bottom  and  raised  to 
the  surface  at  a  uniform  rate  so  that  the  bottle  collects  sample  throughout  the  total  depth  and  ‘ 
is  just  filled  on  reaching  the  surface.  The  resulting  sample  using  either  method  will  roughly 
approach  what  is  known  as  a  depth-integrated  sample. 

A  closed  weighted  bottle  sampler  consists  of  a  stoppered  glass  or  plastic  bottle,  a  weight 
and/or  holding  device,  and  lines  to  open  the  stopper  and  to  lower  or  raise  the  bottle.  The 
procedure  for  sampling  is: 

1.  Gently  lower  the  sampler  to  the  desired  depth  so  as  not  the  remove  the 
stopper  prematurely  (watch  for  bubbles). 

2.  Pull  out  the  stopper  with  a  sharp  jerk  of  the  sampler  line. 
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3.  Allow  the  bottle  to  fill  completely,  as  evidenced  by  the  cessation  of  air 
bubbles. 


4.  Raise  the  sampler  and  cap  the  bottle. 

5.  Decontaminate  the  outside  of  the  bpttle.  The  bottle  can  be  used  as  the 
sample  container  (as  long  as  the  original  bottle  is  an  approved  container). 

8.U  Hand  Pumps 

Hand  pumps  may  be  operated  by  peristaltic,  bellows,  diaphragm,  or  siphon  action.  I 
Hand  pumps  with  operate  by  a  bellow,  diaphragm,  or  siphon  action  should  not  be  used  to  ( 
collect  samples  which  will  be  analyzed  for  volatile  organics  because  the  slight  vacuum  applied 
may  cause  loss  of  these  contaminants.  To  avoid  contamination  of  the  pump,  a  liquid  trap 
consisting  of  a  vacuum  flask  or  other  vessel  to  collect  the  sample  should  be  insened  between 
the  sample  inlet  hose  and  the  pump.  I 

Tubing  used  for  the  inlet  hose  should  be  nonreactive  (preferably  Teflon).  The  tubing 
and  Uquid  trap  must  be  thoroughly  decontaminated  between  uses  (or  disposed  of  after  one  | 
use). 

When  sampling,  the  tubing  is  weighted  and  lowered  to  the  desired  depth.  The  sample  is 
the  obtained  by  operation  of  the  pump  and  subsequently  transferred  from  the  trap  to  the  ' 
sample  container.  ' 

8.1.4  Kemmerer/Van  Dom  Samplers 

If  samples  are  desired  at  a  specific  depth,  and  the  parameters  to  be  measured  do  not  * 
require  a  Teflon  coated  sampler,  a  Standard  Kemmerer  or  Van  Dom  sampler  may  be  used.  . 
The  Kemmerer  sampler  is  a  brass  cylinder  with  rubber  stoppers  that  leave  the  ends  open  while 
being  lowered  in  a  vertical  position  to  allow  free  passage  of  water  through  the  cylinder.  The 
Van  Dora  sampler  is  plastic  and  is  lowered  in  a  horizontal  position.  In  each  case  a  , 
"messenger"  is  sent  down  the  line  when  the  sampler  is  at  the  designated  depth,  to  cause  the 
stoppers  to  close  the  cylinder,  which  is  then  raised.  Water  is  removed  through  a  valve  to  fill 
sample  bottles.  ( 

8.1.5  Depth  Integrated  Sampling 

Depth  integration  is  used  to  collect  a  water  and  suspended  material  sample,  in  direct 
proportion  to  relative  velocity  at  each  increment  of  depth.  This  means  that  the  volume  of 
water  and  suspended  material  must  enter  the  sample  bottle  at  a  rate  proportional  to  the 
velocity  of  the  flow  passing  the  intake  of  the  sampler.  If  a  depth-integrating  sampler  is  lowered 
firom  the  surface  to  the  bed  and  back  at  the  same  rate,  and  presuming  that  the  sampler  is  not  ] 


1-124 


Proc«dur«  No. 

Rev. 

SURFACE  WATER 

AND  SEDIMENT  SAMPLING 

FP6-2 

0 

Page  5  of  10 

overfilled  during  the  course  of  the  sampling  operation,  each  increment  of  flow  in  that  vertical 
is  sampled  proponionately  to  the  velocity. 

One  method  of  collecting  depth-integrated  samples  is  equal-width-increment  (EWI) 
technique.  Samples  are  taken  at  several  equally  spaced  intervals  across  the  stream,  with  the 
transit  rate  of  the  sampler,  that  is  the  velociw  at  which  the  sampler  is  passed  through  the 
water  column  is  the  same  in  all  verticals.  The  samples  collected  in  each  vertical  are  then 
composited  into  a  single  sample  representative  of  the  entire  flow  in  the  cross  section.  Since 
the  volume  collected  in  each  venical  sample  will  be  directly  proportional  to  depth  and  velocity 
at  the  venical  location,  the  composite  sample  of  the  water-sediment  mixture  flowing  in  the 
cross  section  will  be  discharge-weighted. 

The  EWI  method  has  several  advantages:  discharge  measurements  are  not  needed,  the 
technique  is  learned  easily,  and  the  technique  is  applicable  where  cross-sectional  stream  flow 
distribution  vanes  because  of  shifting  beds  or  other  causes.  The  main  disadvantages  are  that 
the  procedure  is  time  consuming  for  large  streams  and  does  not  provide  quantitative 
information  on  cross-sectional  discharge  since  this  parameter  does  not  need  to  be  measured 
for  the  EWI  method.  Furthermore,  the  EWI  method  requires  sampling  at  equally  spaced 
verticals  and  the  use  of  identical  transit  rates  within  each  vertical. 

In  the  equal-discharge-increment  (EDI)  technique,  the  positions  of  sampling  venical 
across  the  stream  are  based  in  incremental  discharges  rather  than  width  (i.e.,  deeper  or  higher- 
velocity  areas  of  the  stream  cross-seaion  are  sampled  at  a  closer  spacing).  This  method 
provides  the  most  accurate  measure  of  total  discharge  of  the  contaminant  for  streams  which 
are  not  well  mixed;  however,  it  requires  knowledge  of  the  cross-sectional  stream  flow 
distribution. 

The  EDI  method  has  several  advantages:  variable  transit  rates  may  be  used  because 
samples  can  be  composited  in  proportion  to  known  stream  flow  distribution,  fewer  verticals 
need  to  be  sampled,  and  cross-section  discharge  information  is  obtained.  The  primary 
disadvantage  of  this  method  is  that  the  streamflow  distribution  in  cross  section  must  be  known 
or  measured  each  time  before  sampling. 

Because  these  multi-point  sampling  techniques  can  become  very  time-consuming  and 
expensive,  an  alternate  method  often  used  involves  sampling  at  the  quarter  points  or  other 
equal  intervals  across  the  width  of  the  stream.  Composites  of  individual  samples  collected  at 
the  quarter  points  can  be  fairly  representative,  providing  the  stream  cross-section  is  properly 
located. 
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Several  depth-integrating  samplers  specifically  designed  and  suitable  for  collecting 
representative  samples  are  available  (contact:  Engineer-in-Charge,  Federal  Inter-Agency 
Sedimentation  Project,  St.  Anthony  Falls  Hydraulic  Laboratory,  Hennepin  Island  and  3rd  Ave,  i 
SE  Minneapolis,  MN  55414;  see  also  Reference  4.4  of  this  procedure).  In  shallow  streams  and 
wetlands  that  can  be  waded,  the  US  DH-48  suspended-sediment  sampler  can  be  used.  The  US 
D-49  suspended-sediment  sampler  has  also  been  used  for  many  years  to  collect  depth- 
integrated  samples  in  large  streams  and  rivers.  It  accommodates  a  473-ml  bottle  and  has  a 
choice  of  nozzles  (3.2-mm,  4.8-mm,  and  8.4-mm  in  diameter)  to  control  the  rate  of  inflow  of  ( 
the  water-sediment  mixture.  The  D-49  sampler,  which  weighs  about  27  kg,  is  suspended  on  a 
cable  and  operated  with  a  reel  attached  to  a  boom.  The  US  D-74  sampler  is  a  modified  D49 
sampler  that  accommodates  either  a  473-ml  or  946-ml  bottle.  The  US  D-74  AL  sampler  is  also 
a  modified  D-49  sampler,  but  is  cast  from  aluminum  and  weighs  approximately  13.6  kg.  This  ' 
sampler  can  be  used  with  a  handline  in  slower  moving  streams.  The  US  DH-76  sampler  is  a 
modified  DH-59  sampler  that  accommodates  a  946-ml  bottle  and  is  available  in  the  regular  or 
trace-metal  series.  A  new  sampler,  designated  DH-80,  accommodates  either  a  473-ml  or  946- 
ml  Mason  jar.  the  intake  nozzle  with  air  exhaust  ports  is  a  single  piece  head  molded  from 
polypropylene.  Contaminated  heads  can  be  replaced  quickly  and  easily. 

Because  of  the  number  and  diversity  of  analyses  which  may  be  performed  on  collected  ' 
surface  water  or  water-sediment  mixtures,  a  sample  splitter  will  often  be  required.  A  chum  j 
splitter  is  a  practical  means  for  splitting  composited  samples  into  representative  subsamples. 

S2  Sediment  Sampling  Techniques 

Sediment  samples  are  usually  collected  at  the  same  verticals  at  which  water  samples 
were  collected.  If  only  one  sediment  sample  is  to  be  collected,  the  site  should  be 
approximately  at  the  center  of  the  water  body.  TTiis  is  particularly  true  for  reservoirs  that  are 
formed  by  the  impoundment  of  rivers  or  streams.  Generally,  the  coarser  grained  sediments 
are  deposited  near  the  headwaters  of  the  reservoir.  Bed  sediments  near  the  center  will  be 
composed  of  fine-grained  materials  which  may,  because  of  their  lower  porosity  and  greater  ( 
surface  area  available  for  adsorption,  contain  greater  concentrations  of  contaminants.  The 
shape,  flow  pattern,  bathymetry  (depth  distribution),  and  water  circulation  patterns  must  all  be  j 
considered  when  selecting  sediment  sampling  sites.  In  streams,  areas  likely  to  have  sediment 
accumulation  (bends,  behind  islands  or  boulders,  quiet  shallow  areas  or  very  deep,  low-velocity 
areas)  should  be  sampled  while  areas  likely  to  show  net  erosion  (high-velocity,  turbulent  areas) 
and  suspension  of  fine  solid  materials  should  be  avoided.  , 
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Chemical  constituents  associated  with  bottom  material  may  reflect  an  integration  of 
chemical  and  biological  processes.  Bottom  samples  reflect  the  historical  input  to  streams, 
lakes,  and  estuaries  with  respect  to  time,  application  of  chemicals,  and  land  use.  bottom 
sediments  (especially  fine-grained  material)  may  help  act  as  a  sink  or  reservoir  for  adsorbed 
heavy  metals  and  organic  contaminants  (even  if  water  column  concentrations  are  below 
detection  limits).  It  is  therefore  important  to  minimize  the  loss  of  low-density  "fines"  during 
any  sampling  process. 

8.2.1  Scoop  Sampler 

A  scoop  sampler  consists  of  a  pole  to  which  a  jar  or  scoop  is  attached.  The  pole  may  be 
made  of  bamboo,  wood,  or  aluminum  and  be  either  telescoping  or  of  fixed  length.  The  scoop 
or  jar  at  the  end  of  the  pole  is  usually  attached  using  a  clamp. 

K  the  water  body  can  be  sampled  from  the  shore  or  if  it  can  be  waded,  the  easiest  and 
"cleanest"  was  to  collect  a  sediment  sample  is  to  use  a  scoop  sampler.  This  reduces  the 
potential  for  cross-contamination.  This  method  is  accomplished  by  reaching  over  or  wading 
into  the  water  body  and,  while  facing  upstream  (into  the  current),  scooping  the  sample  along 
the  bottom  in  the  upstream  direction.  It  is  very  difficult  not  to  disturb  fine-grained  materials  of 
the  sediment-water  interface  when  using  this  method. 

S2J,  Core  Samplers 

Core  samplers  are  used  to  sample  vertical  columns  of  sediment.  They  are  useful  when 
a  historical  record  of  sediment  deposition  is  desired,  for  they  preserve  the  sequential  layering 
of  the  deposit.  Coring  devices  are  particularly  useful  for  sediments  because  the  "shock  wave" 
created  by  descent  is  minimal,  thus  the  fines  at  the  sediment-water  interface  are  not  disturbed. 
Also,  the  sample  is  withdrawn  intact,  permitting  the  removal  of  only  those  layers  of  interest, 
and  core  liners  manufacmred  of  glass  or  Teflon  can  be  purchased,  thus  reducing  possible 
sample  contamination.  In  addition,  samples  are  easily  delivered  to  the  lab  for  analysis  in  the 
tube  in  which  they  are  collected.  The  disadvantage  of  coring  devices  is  that  a  relatively  small 
surface  area  and  sample  size  is  obtained  necessitating  repetitive  sampling  to  obtain  large 
amounts  of  sample  needed  for  some  analyses. 

Many  types  of  coring  devices  have  been  developed  to  address  varying  depths  of  water 
from  which  the  sample  is  to  be  obtained,  the  nature  of  the  bottom  material,  and  the  length  of 
the  core  to  be  collected.  In  shallow  wadeable  waters,  the  direct  use  of  a  glass  or  Teflon  core 
liner  is  recommended.  Teflon  is  preferred  to  avoid  glass  breakage  and  possible  sample 
contamination  from  core  barrels,  cutting  heads,  and  retainers. 
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Core  sampler  tubes  or  liners  should  be  approximately  12"  long  since  only  recently 
deposited  sediments  (8"  or  less)  are  to  be  sampled.  Soft  or  semi-consolidated  sediments  such 
as  mud  and  clays  have  a  greater  adherence  to  the  inside  of  the  tube  and  thus  can  be  sampled 
with  large  diameter  tubes.  However,  because  coarse  or  unconsolidated  sediments  such  as  sand 
and  gravel  will  tend  to  fall  out  of  the  tube,  a  small  diameter  is  required.  A  tube  about  2"  in 
diameter  is  usually  sufficient.  The  wall  thickness  of  the  tube  should  be  about  1/3"  for  either 
Teflon  or  glass.  The  end  of  the  tube  may  be  tapered  by  filing  it  down  to  facilitate  entry  of  the 
liner  into  the  substrate. 

823  Hand  Operated  Gravity  Corers 

Hand  corers  are  generally  constructed  of  an  outer  rigid  metal  tube  into  which  a  2  inch 
ID,  plastic  or  Teflon  core  sleeve  fits  with  minimal  clearance.  The  cutting  edge  of  the  corer  has 
a  recessed  lip  on  which  the  core  sleeve  rests  and  which  accommodates  a  plastic  core  catcher. 
The  core  catcher  is  composed  of  intermeshing  "fingers"  that  point  upward  into  the  core  sleeve 
so  that  when  the  sampler  is  pressed  into  the  sediment,  the  core  is  free  to  move  past  the 
catcher,  but  the  core  can  not  fall  through  the  catcher  upon  removal  of  the  sampler  from  the 
sediment. 

Use  of  hand  corers  or  liners  involves  pushing  the  device  into  the  substrate  until  only  4 
inches  or  less  is  above  the  sediment-water  interface.  When  sampling  hard  or  coarse  substrates, 
a  gentle  rotation  of  the  corer  while  it  is  pushed  will  facilitate  greater  penetration  and  cut  down 
on  core  compaction.  The  liner  is  then  capped  with  a  Teflon  plug  or  a  sheet  of  Teflon  held  in 
place  by  a  rubber  stopper  or  cork.  After  capping,  the  corer  is  slowly  extracted,  the  negative 
pressure  and  core  catcher  (if  used)  keeping  the  sample  in  the  liner.  As  the  bottom  pan  of  the 
liner  comes  out  of  the  water,  it  too  is  capped.  If  the  top  or  bottom  of  the  liner  contains  water 
or  air,  the  caps  should  be  removed,  the  water  carefully  decanted  (to  avoid  removal  of  surface 
sediments)  and  the  ends  packed  with  lean  silica  sand.  The  caps  are  then  replaced  and  secured 
with  friction  tape.  The  orientation  of  the  core  should  be  marked  on  the  sleeve. 

Gravity  corers  are  used  to  obtain  sediment  samples  in  water  bodies  deeper  than  3  to  5 
feet.  These  types  of  samplers  can  be  used  for  collecting  1  to  2  foot  cores  (with  a  2  inch  ID)  of 
surface  sediments  at  depths  of  up  to  several  hundred  feet  beneath  the  water  surface.  Because 
of  their  small  diameter,  gravity  corers  are  not  suitable  for  obtaining  coarse-grained  samples, 
but  they  are  excellent  for  obtaining  fine-grained  materials. 

The  gravity  core  sampler  operates  in  a  manner  similar  to  the  hand  operated  core.  A 
plastic  or  Teflon  liner  (2  inch  ID)  fits  within  a  metal  core  housing  fitted  with  a  cutting  edge. 
Core-catchers  are  used  to  retain  the  core  within  the  liner.  An  opening  exists  above  the  liner  to 
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allow  free  flow  of  water  through  the  corer  as  it  moves  vertically  through  the  water  and  into  the 
sediment.  The  sampler  has  a  messenger-activated  valve  assembly  which  seals  the  opening 
above  the  line  following  sediment  penetration,  which  creates  a  panial  vacuum  to  assist  in 
sample  retention  during  retrieval. 

Samples  are  obtained  by  allowing  the  sampler,  which  is  attached  to  sufficient  length  of 
stainless  steel  cable,  to  drop  to  the  bottom.  The  weight  of  the  sampler  drives  the  core  into  the 
sediment  to  various  depths  depending  on  the  characteristics  of  the  sediments.  The  messenger 

IS  then  dropped  and  the  sampler  carefully  retrieved.  Upon  retrieval,  treatment  is  similar  to 
that  described  for  hand  corers. 

S2A  Dredges 

Dredges  are  generally  used  to  sample  sediments  which  cannot  easily  be  obtained  using 
coring  devices  (i.e.,  coarse-grained  or  panially-cemented  materials)  or  when  large  quantities  of 
materials  are  required.  Dredges  generally  consist  of  a  clam  shell  arrangement  of  tw'o  buckets. 
The  buckets  may  either  close  upon  impact  or  be  activated  by  use  of  a  messenger.  Most 
dredges  are  heavy  (up  to  several  hundred  pounds)  and  require  use  of  a  winch  and  crane 
assembly  for  sample  retrieval.  There  are  three  major  types  of  dredges:  Peterson,  Eckman  and 
Ponar  dredges. 

The  Peterson  dredge  is  used  when  the  bottom  is  rocky,  in  very  deep  water,  or  when  the 
flow  velocity  is  high.  The  dredge  should  be  lowered  very  slowly  as  it  approaches  bottom, 
because  it  can  force  out  and  miss  lighter  materials  if  allowed  to  drop  freely. 

The  Eckman  dredge  has  only  limited  usefulness.  It  performs  well  where  bottom 
material  is  unusually  soft,  as  when  covered  with  organic  sludge  or  light  mud.  It  is  unsuitable, 

however,  for  sandy,  rocky,  and  hard  bottoms  and  is  too  light  for  use  in  streams  with  high  flow 
velocities. 


The  Ponar  dredge  is  a  Peterson  dredge  modified  by  the  addition  of  side  plates  and  a 
screen  on  the  top  of  the  sample  compartment.  The  screen  over  the  sample  compartment 
permits  water  to  pass  through  the  sampler  as  it  descends,  thus  reducing  the  "shock  wave"  and 
permitting  direct  access  to  the  secured  sample  \vithout  opening  the  closed  jaws.  The  Ponar 
dredge  is  easily  operated  by  one  person  in  the  same  fashion  as  the  Peterson  dredge.  The 
Ponar  dredge  is  one  of  the  most  effective  samplers  for  general  use  on  all  types  of  substrates. 
Access  to  the  secured  sample  through  the  covering  saeens  permits  subsampling  of  the  secured 
material  with  coring  tubes  or  Teflon  scoops,  thus  minimizing  the  chance  of  metal 
contamination  from  the  frame  of  the  device. 
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9.0  ATTACHMENTS 

9.1  Surface/Water  Sediment  Sampling  Form 


1-130 


ATTACHMExNT  9.1 
FP6-2 


SURFACE  WATER/SEDIMENT  SAMPLING  FORM 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


9. 


Date/Time - - — — ,  Sample  No. 

Location _ _ _ 


Sampler _ _ _ _ 

Others  Present _ _ _ 

Organic  Vapor  Deteaor  FEL  No. _ 

Weather:  Wind - ,  Precipitation 


,  Reading _ 

Air  Temperature 


FEL  No.’s  Cond - pH - Temp - -  Redox 


Cond.  Umhos/cm 
Sample _ 


pH  Temp. 


Dissolved  Oxygen:  (Circle  One)  Winkler  or  Meter 

(If  Winkler,  Show  .All  Work) 


Redox 


D.O.  Meter  FEL  No. _ ,  D.O.  = 

10.  Filtered  Sample? _ Membrane  Filter  Size 

11-  How _ ■  Method 

12.  Depth  Bottom  Type" 

13.  Wparian  vegetation  - - 

14.  Other  Observations  (Algae,  blooms.  Etc.) 

15.  [V  or NJ  iurbid  - - - 

16.  Floating_Solids  or  Liquids? 

17.  Sample  Type:  Water  .Sediment - 

Depth  of  Sample:  - 

Comments: 


18.  Reviewed  By _ Date/Time 

Form  CompleteV  lY  or  NJ 
Decon  Complete?  [Y  or  N|  ~ 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  outline  the  requirements  for  soil  sampling.  Soil 
sampling  aids  in  defining  the  hydrogeological  character  of  the  substrata,  or  grid  and  the  nature 
and  extent  of  soil  contamination.  Soil  samples  are  collected  over  an  areal  distribution  as  well 
as  at  different  depths  to  characterize  the  on-site  features. 

2.0  SCOPE 

Soil  sampling  is  potentially  applicable  to  any  hazardous  waste  site.  A  variety  of 
sampling  techniques  are  available  for.  collection  of  soil  samples.  These  include:  split-spoon 
sampling;  collecting  auger  cuttings;  Shelby  tube  sampling;  pitcher  barrel,  pistol,  or  Dennison 
sampling;  and  single,  double,  and  triple  tube  core  barrel  sampUng.  Split-spoon  sampling  is  the 
most  commonly  used  technique. 

3.0  REQUIREMENTS 

The  collection  point  should  be  within  2  ft.  horizontally  of  the  identified  location.  The 
final  location  of  the  sampling  point  should  be  defined  by  suiveying  or  measuring  from 
previously  surveyed  points.  The  accuracy  of  the  soil  sampling  point  location  will  be 
determined  by  the  data  quality  objectives. 

Sample  coUection  information  should  be  recorded  in  the  field  logbook  and  in  the 
sampling  forms. 

Surface/air  contact  may  be  minimized  by  placing  the  sample  in  an  airtight  container 
immediately  after  collection. 

Sampling  and  sample  preparation  equipment  will  be  decontaminated  in  accordance 
with  the  project-specific  Work  Plan  prior  to  and  after  each  sample  is  collected. 

Soil  sample  locations  shall  be  permanently  identified  using  a  brass  surveyor’s  pin  or 
equivalent  permanent  marker  inscribed  with  the  boring  location  identification  set  placed  in  a 
concrete  marker,  according  to  the  project-specific  Work  Plan. 

Soil  samples  with  possible  volatile  organic  analytes  should  be  collected  and 
containerized  undisurbed  (e.g.  "California  tubes"),  if  possible. 
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Depth-profile  sampling  must  comply  with  the  above  requirements.  Care  must  be  taken 
to  prevent  cross-contamination  and  misidentification  of  samples. 

Vertical  depth  control  tolerances  shall  be  specified  in  the  project-specific  Work  Plan. 

4.0  REFERENCES 

4.1  HAZWRAP,  February  1989.  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69,  Rev.  0. 

42  U.S.  EPA,  1987,  y4  Compendium  of  Superfund  Field  Operation  Methods. 

42  American  Society  for  Testing  Materials,  Method  D- 1586-84.  1989.  Standard  Method  for 
Penetration  Test  and  Split-Barrel  Sampling  of  Soils." 

5.0  DEFINITIONS 

Thin- Walled  Tube  Sampler  -  A  thin-walled  metal  tube  (also  called  Shelby  tube)  used  to 
recover  relatively  undismrbed  soil  samples.  These  tubes  are  available  in  various  sizes,  ranging 
from  two  to  five  inches  O.D.  and  18  to  54  inches  long.  A  stationary  piston  device  is  included  in 
the  sampler  to  reduce  sampling  disturbance  and  increase  sample  recovery. 

Split-Barrel  Sampler  -  A  steel  tube,  split  in  half  lengthwise,  with  the  halves  held 
together  by  threaded  collars  at  either  end  of  the  tube.  Also  called  a  split-spoon  sampler,  this 
device  can  be  driven  into  resistant  (consolidated)  materials  using  a  drive  weight  mounted  in 
the  drilling  rig,  A  standard  split  spoon  sampler  (used  for  performing  standard  penetration 
tests)  is  two  inches  O.Dand  13/8  inches  I.D.  This  standard  spoon  typically  is  available  in  two 
common  lengths,  providing  either  20"  or  26"  internal  longitudinal  clearance  for  obtaining  18" 
or  24"  long  samples,  respeaively. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  overall  management  of  field  activities 
and  ensuring  that  the  appropriate  sampling  procedure  is  followed. 

62  Site  Geologist 

The  Site  Geologist  directly  supervises  the  sampling  procedure,  classifies  soil  and  rock 
samples,  and  directs  the  packing  and  sealing  of  soil  and  rock  samples.  Such  duties  may  also  be 
performed  by  geotechnical  engineers,  field  technicians  or  other  qualified  field  personnel. 

7.0  EQUIPMENT 

The  following  pieces  of  equipment  may  be  needed  to  collect  samples: 

7.1  Drilling  equipment,  capable  of  collecting  depth-specific  samples. 

72  Stainless  steel  hand  auger,  shovel,  or  post-hole  digger. 
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7J  Teflon™  tape. 

7.4  Teflon™  or  stainless  steel  spatula. 

7.5  Stainless  steel  bowl  or  Teflon™  mixinq  board. 

7.6  Organic  vapor  monitoring  device  (HNu  or  OVA) 

7.7  Appropriate  sampling  containers. 

7.8  Shelby  tube  sampling  equipment. 

7.9  Decontamination  supplies  as  specified  in  the  site-specific  work  plan. 

7.10  Split  spoon  sampling  equipment,  either  1  7/8"  or  2  1/2"  I.D. 

7.11  Field  Logbook. 

8.0  PROCEDURE 

8.1  Split  Spoon  Sampling 

Split  barrel  (spoon)  samples  are  usually  obtained  in  conjunction  with  hollow  stem  auger 
or  rotary  drilling  techniques  using  either  a  140  or  340  pound  drive  hammer  (depending  on  the 
size  of  the  sampler).  The  split  spoon  is  attached  to  a  metal  rod  and  driven  into  the 
undisturbed  soil  ahead  of  the  lead  auger.  The  drive  weight  is  raised  30  inches  and  dropped  to 
hammer  the  split  spoon  into  the  ground.  The  hardness  of  the  soil  can  be  determined  by 
extrapolating  the  number  of  blows  of  the  hammer  required  to  pound  the  split  spoon  into  the 
soil  six  inches.  The  first  six  inches  of  penetration  is  considered  a  sealing  drive.  The  number  of 
blows  for  the  second  and  third  six  inches  is  recorded  to  determine  the  penetration  resistance. 
If,  a  specific  interval  is  great  enough  to  exceed  50  blow  counts  per  six  inches,  spoon  sampling 
will  be  discontinued  at  that  interval  and  drilling  will  resume.  The  sampler  will  be  advanced  at 
least  18  inches  or  until  refusal.  The  split  spoon  is  retrieved  from  the  borehole  and  opened  with 
the  air  around  the  sample  monitored  with  a  HNu  portable  photoionization  detector  or  other 
appropriate  instrument.  Samples  for  chemical  analysis  are  taken  v,^ith  a  stainless  steel  spoon  or 
trowel,  placed  in  a  stainless  steel  bowl,  homogenized  and  placed  in  the  appropriate  container. 
Large  pebbles  and  cobbles  should  be  excluded  from  samples  taken  for  chemical  analysis. 
Samples  for  lithologic  description  are  collected  and  placed  in  the  appropriate  sampling  jar  or 
container.  Lithologic  samples  are  described  according  to  the  logging  procedures. 

Procedures  for  collecting  split  spoon  samples  are  as  follows: 

1.  Decontaminate  the  split-spoon  sampler,  liners  and  other  sampling 
equipment  according  to  Field  Procedure  FP  3-1. 

2.  If  laed,  insert  stainless  steel,  brass,  and/ or  clear  acetate  liners  into  the 
spht-spoon  sampler.  A  typical  arrangement  of  liner  for  a  California  type 
nng  smpler  are:  two  three-inch  stainless  steel  liners,  two  three-inch 
br^  liners  and  one  six-inch  brass.  The  liners  should  be  inserted  so  the 
stainless  steel  sleeves  are  in  the  lead  position. 
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3.  Attach  the  split-spoon  sampler  to  the  bottom  end  of  the  drill  rod  string 
which  extends  from  the  top  of  the  auger  or  borehole  to  the  bottom  of  the 
borehole. 


4.  Attach  a  340-pound  (or  other  specified  weight)  hammer  to  the  top  of  the 
drill  rod  string  and  drive  the  sampler  into  the  soil  at  the  bottom  of  the 
borehole.  Record  the  hammer  weight  on  the  field  log  form. 

5.  To  drive  the  sampler  into  the  soil,  alternately  raise  the  hammer  on  a 
rope,  which  passes  around  a  rotating  cathead,  and  allow  the  hammer  to 
free-fall  30  inches  by  suddenly  releasing  the  tension  on  the  rope. 

6.  Pull  the  sampler  up  from  the  bottom  of  the  borehole  by  reversing 
direction  of  the  rope  on  the  cathead,  and  alternate  applying  and  releasing 
pressure.  Remove  from  the  bottom  of  the  drive  rod  string. 

7.  Remove  the  top  assembly  and  the  drive  shoe  from  the  sampler.  Open  the 
tube  by  removing  one-half  of  the  split  barrel. 

8.  Immediately  pass  monitor  for  organic  vapors  with  an  OVA  or  HNu  the 
length  of  the  sample  to  detect  organic  vapors  emanating  from  the  sample. 

9.  Record  the  organic  vapor  readings  in  the  Field  Logbook. 

10.  Transfer  soil  selected  for  chemical  analyses  to  its  pre-labeled  container  as 
described  in  Steps  11  and  12  below. 

11.  For  samples  to  be  analyzed  for  volatile  organic  compounds  (VOQ),  trim 
the  ends  of  one  of  the  three-inch  long  brass  liners,  place  a  thin  Teflon’’’'^ 
disk  over  each  end  of  the  liner,  slip  a  plastic  end  cap  onto  each  end,  and 
tape  the  end  caps  in  place.  The  entire  brass  liner  is  then  labeled  and 
shipped  to  the  laboratory  for  volatile  organics  analyses. 

12.  For  inorganic  and  nonvolatile  samples,  push  the  soil  from  the  remaining 
liners,  mix  the  soil  on  a  Teflon'*’^  board  or  in  a  stainless  steel  mixing  bowl, 
and  evenly  subdivide  it  into  the  sample  containers. 

NOTE:  This  mixing  minimizes  the  heterogeneity  of  the  soil  samples  and 
provides  representative  split  and  duplicate  samples. 

13.  Describe  the  samples  and  record  the  description  on  the  Field  Logbook. 

14.  Verify  that  samples  have  been  properly  labeled  and  store  on-site  in  a 
cooler  at  4°C  until  they  are  packaged  for  shipping. 

15.  If  sleeved  samplers  are  not  used,  then  the  soil  for  volatile  organic 
compound  analysis  must  be  collected  immediately  after  the  sampler  is 
opened.  This  may  be  accomplished  by  cutting  a  strip  of  soil  the  entire 
length  of  the  sample  and  placing  in  an  appropriate  container  (usually  a  40 

yPA  ^  glass  jar).  Soil  should  be  perched  in  the  container 
to  minimize  void  spaces.  Container  should  be  sealed  and  placed  on  ice  as 
soon  as  possible. 
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16.  To  mmmize  off-gassing  of  the  volatiles,  the  sampler  should  not  be  driven 
until  the  sampling  team  is  ready  to  accept  and  process  the  volatile 
portion. 


17. 


This  sampling  procedure  is  repeated  at  each  project-specific  Work  Plan 
specified  interval  throughout  the  borehole. 


18. 


19. 


Upon  completion  of  soil  sampling  activities,  collect  all  spilled  and  excess 
matenal  and  place  into  lined  waste  disposal  drums.  Dispose  of  material 
in  accordance  with  applicable  regulations  and  any  directives  issued  bv  the 
client,  or  as  prescribed  in  the  project-specific  Work  Plan.  ^ 


M  sampling  equipment,  including  internal  components,  will  be 
decontammated  prior  to  use,  between  sampling  events,  and  prior  to 
demobilization.  ^ 


82  Undisturbed  Soil  Sampling 

Undisturbed  soU  samples  are  collected  using  a  thin-walled  tube  or  Shelby  tube  sampler 
to  recover  relatively  undisturbed  soil  samples  suitable  for  laboratory  tests.  The  thin-waUed 
sampler  is  usuaUy  used  to  collect  soil  samples  for  physical  tests  such  as  porosity,  permeabiHty 
or  grain-size.  The  construction  of  the  tube  and  procedure  used  to  collect  samples  preclude  the 
use  of  this  method  for  volatile  organic  or  metal  analysis- 

A  Shelby  tube  is  a  one  piece  hollow  tube  that  is  usually  two  to  five  inches  outside 
diameter  and  five  to  10  times  the  diameter  in  length.  The  sample  tube  is  placed  in  the  boring, 
on  the  bottom  of  the  hole.  The  tube  is  pushed  into  the  soil  with  a  continuous  and  rapid  motion 
without  impact  or  twisting  to  a  depth  of  between  two  and  two  1/2  feet.  The  sampling  tube  is 
retrieved  and  the  disturbed  material  is  removed  from  the  top  of  the  tube.  One  inch  of  soil  is 
removed  from  the  base  of  the  tube.  An  impervious  disk  is  placed  at  both  ends  of  the  tube  and 
sealed  with  a  wax  plug  prior  to  shipment  to  the  laboratory. 

Sampling  equipment  should  be  decontaminated  by  following  Field  Procedure  FP  3-1. 

83  Hand  Augured  Sampling  Methods 

Decontaminated  equipment  will  be  used  to  collect  the  soil  sample.  A  hand  auger 
consists  of  a  sample  bucket  attached  to  the  bottom  of  a  length  of  pipe  that  has  a  crossbar  at  the 
top.  A  hole  is  driUed  by  turning  this  crossbar  at  the  same  time  the  operator  presses  the  auger 
into  the  ground.  The  hand  auger  is  driven  to  the  desired  depth  which  is  usually  within  a  few 
feet  of  the  surface.  A  stainless  steel  spool  is  used  to  obtain  a  sample.  A  relatively  undismrbed 
soil  sample  should  be  obtained  and  containerized  for  volatile  organics  analysis. 

Collect  VOA  samples  by  filling  the  sample  container  with  soil,  being  careful  to  leave  no 
headspace  in  the  container.  This  sample  should  not  be  mixed  since  it  is  very  important  to 
obtain  the  VOA  sample  as  quickly  as  possible  to  minimize  the  off-gassing. 
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Soil  samples  that  are  not  to  be  analyzed  for  volatile  organics  are  placed  in  a  stainless 
steel  bowl  and  homogenized  with  a  stainless  steel  spoon  or  Teflon’*^  spatula.  Large  pebbles 
and  cobbles  should  be  removed  from  the  sample.  Collect  composite  samples  for  chemical 
analyses  using  appropriate  containers. 

Place  the  samples  on  ice  in  a  cooler  maintained  at  4°C  or  below. 

Note  the  sample  identification,  sample  location  (provide  sketch),  sampling  time,  and 
sampling  personnel  in  the  Field  Logbook. 

After  auguring  and  sampling  are  completed,  the  borehole  will  be  filled  using  a 
decontaminated  shovel  and  excavated  material  from  that  hole.  The  ground  surface  will  be 
restored  to  its  original  configuration. 

Sampling  equipment  should  be  decontaminated  by  following  procedures  outlined  in  the 
project-specific  Work  Plan. 

8.4  Continuous  Core  Sampling 

Continuous  core  samples  may  be  obtained  by  using  the  rotasonic  drilling  method  or 
other  appropriate  continuous  coring  methods.  Core  samples  should  be  scanned  with  an  OVA 
or  HNu  photoionization  detector  and  the  levels  recorded  in  the  Field  Logbook.  Core  samples 
showing  high  organic  vapor  content  and  physical  evidence  of  contamination,  such  as  soil 
discoloration,  are  potential  sampling  intervals.  A  relatively  undisturbed  sample  is  collected  for 
volatile  organics  and  placed  in  the  container.  The  container  is  then  sealed  with  Teflon™  tape. 
The  soil  is  then  placed  in  a  stainless  steel  bowl,  thoroughly  mixed  and  then  placed  in  a 
container  to  be  subsampled  for  everything  but  volatile  organics.  Representative  lithologic 
samples- should  be  taken  at  selected  intervals  and  placed  into  jars. 

The  sampling  information  is  recorded  in  the  Field  Logbook  and  Sampling  form.  After 
a  sample  is  collected,  the  sampling  equipment  is  decontaminiated  according  to  Field 
Procedure  FP  3-1. 

9.0  ATTACHMENTS 

None. 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  provide  general  reference  information  for  use  in 
planning  for  and  implementing  sampling  programs  involving  the  moving  and/or  opening  of 
closed  containers  on  uncontrolled  hazardous  substance  sites.  Guidelines  are  provided  for 
selecting  containers  to  be  opened  and  for  moving  and  opening  them.  In  addition,  site 
organization,  protective  clothing,  worker  proteaion,  and  other  safety  procedures  are  discussed. 

2.0  SCOPE 

This  guideline  is  applicable  to  opening  and  sampling  of  closed  containers  (120  gallon  or 
less)  on  uncontrolled  hazardous  substance  sites.  Bulk  tanks  such  as  railroad  tank  cars,  large 
above-  and  below-ground  tanks  (with  a  capacity  of  more  than  120  gallons),  and  tank  trailers 
are  not  considered  in  this  procedure.  Bulk  tank  removal  is  best  handled  through  the 
procurement  of  a  subcontraaor  (See  Attachment  9.1) 

3.0  REQUIREMENTS 

Strict  adherence  to  safety  precautions  cannot  be  overemphasized  when  handling  and 
sampling  drums.  Hazards  encountered  when  sampling  drums  include  detonations,  fires, 
explosions,  vapor  generation,  and  worker  exposure  to  the  waste.  Scenarios  involving  drums 
encountered  in  the  field  may  include  drums  that  are  unmarked,  mislabeled,  bulging,  buried, 
deteriorated  or  leaking.  Consequently,  such  drums  may  require  handling  to  accommodate 
sampling.  Because  the  condition  of  the  drum  and  its  contents  dictate  how  drums  are  handled 
and  sampled,  no  single  procedure  can  be  written  to  cover  all  possibilities.  This  procedure  lists 
general  guidelines  that  should  be  used  when  developing  an  on  site  drum  hanriling/jsampiing 
procedure.  The  procedure  developed  should  be  based  on  all  available  information  and  revised 
as  more  information  becomes  available.  When  implementing  the  procedure,  common  sense 
and  good  judgement  are  paramount 

Consult  OSHA  regulations  (29  CFR  Sections  1910  and  1926)  for  established  general 
requirements  and  standards  for  storing,  containing,  and  handling  chemicals  and  containers, 
and  for  maintaining  equipment  used  for  handling  materials. 


1-143 


Proe«clur«  No. 

R«v. 

DRUM  HANDUNG 

AND  SAMPLING 

FP  6-4 

0 

Page  2  of  19 

Consult  EPA  regulations  (49  CFR  265)  for  requirements  pertaining  to  the  types  of 
containers,  maintenance  of  containers  and  containment  strucmres,  and  design  and 
maintenance  of  storage  areas. 

4.0  REFERENCES 

4.1  NUS  Corporation,  1983.  Operating  Guidelines  Manual. 

42  Cassis,  JA.,  et  al.,  1985.  Guidance  Document  for  Cleanup  of  Surface  Tank  and  Drum 
Sites.  Prepared  for  Office  of  Emergency  and  Remedial  Response,  USEPA,  Washington,  D.C. 
under  Contract  No.  68-01-6930. 

4.3  Hazardous  Waste  Operations  and  Emergency  Response,  IT  Corporation,  Knoxville,  TN., 
December  1988. 

4.4  Martin,  F.M.,  lippitt,  J.M.,  Prothero,  T.G.;  Hazardous  Waste  Handbook  for  Health  and 
Safety,  Butterworth  Publishers,  p.  167-177, 1987. 

5.0  DEFINITIONS 

Air  Reactive  Wastes  -  Some  chemicals,  such  as  white  phosphorus  or  barium  oxide,  react 
with  oxygen  in  the  air,  while  others,  such  as  sodium,  cesium  or  various  metal  hydrides,  react 
with  the  moisture  or  water  vapor  in  the  air.  Many  of  these  compounds  are  explosive  when  they 
come  in  contact  with  air  or  water. 

Container  -  is  defined  as  any  drum,  bottle,  can,  bag,  etc.,  with  a  capacity  of  120  gallons 
(450  liters)  or  less. 

Glass  TTiief  -  a  glass  tube  4  ft.  long  and  3/4  inches  in  diameter,  used  for  taking  samples 
fi-om  drums.  The  mbe  is  usually  broken  and  disposed  of  in  the  drum  following  sampling. 

Polyethylene  or  PVC-lined  Drums  -  Often  contains  strong  acids  or  bases.  If  the  lining  is 
punctured,  the  substance  usually  corrodes  the  steel,  resulting  in  a  significant  leak  or  spill. 

Exotic  Metal  Drums  (i.e.  aluminum,  nickel,  stainless  steel,  or  other  unusual  metals)  - 
Very  expensive  drums  that  usually  contain  an  extremely  dangerous  material. 

Single-Walled  Drums  Used  as  a  Pressure  Vessel  -  These  drums  have  fitting  for  both 
product  filling  and  placement  of  an  inert  gas,  such  as  nitrogen.  Such  drums  may  contain 
reactive,  flammable,  or  explosive  substances. 

Laboratory  Packs  -  Such  drums  are  commonly  used  for  disposal  of  expired  chemicals 
and  process  samples  from  laboratories,  hospitals  and  similar  institutions.  Bottles  in  the  lab 
pack  may  contain  incompatible  materials  and  may  not  be  packed  in  absorbent  material.  They 
may  contain  radioisotopes,  shock  sensitive,  highly  volatile,  highly  corrosive,  or  very  toxic  exotic 
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chemicals.  Laboratory  packs  are  the  primary  ignition  source  for  fires  at  most  hazardous  waste 
sites. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader  (FOL) 

The  Field  Operations  Leader  is  responsible  for  the  overall  safe  conduct  of  the 
container  opening  and  sampling  operations.  This  includes  informing  and  obtaining  help  from 
local  authorities  if  necessary;  selection  of  containers  to  open/sample;  testing,  moving,  and 
staging  of  containers;  container  opening  and  sampling;  resealing;  and  halting  operations, 
including  ordering  site  evacuation  or  requesting  public  evacuation  (with  help  from  local 
authorities)  if  necessary.  The  drum  opening  and  sampling  program  will  be  planned  in  detail  in 
the  Projea  Specific  Work  Plan.  If  any  unexpected  results  (e.g.,  explosions,  atmospheric 
releases)  occur,  the  FOL  must  inform  the  Projea  Manager  immediately.  Together  with  the 
Health  and  Safety  OfiBcer  and  outside  assistance,  if  necessary,  (e.g.,  EPA’s  Emergency 
Response  Team),  he  must  determine  the  most  prudent  course  of  action. 

62  Health  and  Safety  Officer  (HSO) 

The  Health  and  Safety  Office  (HSO)  is  responsible  for  safety  of  all  on-site  operations, 
alerting  the  FOL  of  any  potentially  unsafe  conditions,  and  halting  work  if  on-site  personnel  or 
off-site  public  health  is  threatened. 

63  Program  Manager 

The  Program  Manager  is  responsible  for  determining  that  opening  and  sampling  of 
containers  is  necessary  for  the  field  investigation  program,  and  the  approximate  numbers  and 
types  of  containers  to  be  opened. 

7.0  EQUIPMENT 

7.1  Spill  control  kit 

72  Drum  overpacks 

73  Drum  grappler 

7.4  Drum  opening  equipment  suitable  for  the  respective  type  drums 

7.5  Explosion  meter 

7.6  HNu  portable  organic  vapor  analyzer 

7.7  Fire  extinguisher.  Class  A,  B  and  C,  12  lb.  capacity 

7.8  Alpha  and  beta  radiation  detector 

7.9  Personal  protective  equipment  as  required  by  Health/Safety  Plan  which  may  include: 
Robar  or  Tingley  boots,  Tyvele  protective  suit  with  good,  acid  jacket  and  pants,  vinyl  booties. 
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vinyl  sample  gloves,  nitrile  outer  gloves,  hard  hat  with  splash  shield  and  supplied  air  respirator. 

7.10  Plexiglass  shield 

7.11  Sheet  plastic 

7.12  Sampling  equipment 

8.0  PROCEDURE 
8.1  General 

The  guidance  presented  is  based  on  field  experience  in  working  with  containers  on 
uncontrolled  hazardous  substance  sites.  It  will  be  evident  that  in  many  cases  hard-and-fast 
rules  cannot  be  given,  and  professional  judgement  is  required  because  uncontrolled  variables 
are  involved.  For  example,  no  one  can  be  absolutely  cenain  of  any  assessment  of  the  potential 
contents  of  a  container.  Labels  cannot  be  absolutely  trusted;  only  educated  guesses  can  be 
made  by  a  thorough  review  of  all  available  background  data,  such  as  potential  sources  of  the 
wastes. 

Three  basic  risks  are  involved  in  moving  and  opening  closed  containers:  (1)  exposure 
of  personnel  to  toxic  materials,  (2)  fire,  and  (3)  explosion.  The  first  risk  can  be  reasonably 
eliminated  though  the  use  of  proper  skin  and  respiratory  proteaion  equipment.  The  use  of 
level  A  protection  (i.e.  totally  encapsulated  suit  in  conjunction  with  a  self-contained  breathing 
apparatus)  acceptably  reduces  the  risk  of  a  worker  being  injured  by  toxic  vapors,  mists,  or 
splashes.  In  the  same  way,  standard  fire  prevention  procedures  can  be  used  to  reduce  the  fire 
hazard  through  the  use  of  detector  instruments  and  proper  equipment.  These  include  the  use 
of  nonsparking  tools  and  intrinsically  safe  radios,  pumps,  and  other  equipment,  as  well  as  the 
staging  of  firefighting  equipment  and  the  elimination  of  any  other  possible  ignition  sources. 

The  explosive  risk,  however,  is  not  as  easily  handled,  and  thus  is  the  primary 
consideration  in  any  container-opening  operation.  Even  if  no  solid  evidence  of  the  presence  of 
explosives  is  found  during  the  preliminary  data  collection,  one  can  never  be  certain  that 
explosives  have  not  been  disposed  of  at  the  site.  In  order  to  provide  the  same  reasonable  level 
of  protection  against  this  risk  as  against  toxic  exposure  and  fire,  a  very  cautious  approach,  such 
as  the  one  recommended  in  this  guideline,  should  be  used. 

8.2  Background  Review 

This  section  details  the  elements  of  a  site  background  review  necessary  to  prepare  a 
Site  Operations  Plan  for  drum  opening.  The  decision  of  whether  or  not  to  conduct  the 
operation  depends  on  the  assessment  of  the  site  history.  Therefore,  it  is  important  that  the 
following  tasks  are  completed  thoroughly. 
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82.1  Preliminary  Assessment 

Tlie  preliminary  assessment  of  existing  data  should  be  consulted  in  planning  for  a 
container-opening  operation.  Of  special  importance  are  items  that  can  be  used  to  characterize 
the  types  of  hazardous  materials  present  at  the  site  (e.g.,  generator  records,  manifests, 
inventories,  personal  interviews,  monitoring  data).  The  review  of  all  such  data  should  search 
for  the  possible  presence  of  shock-sensitive  explosives  and/or  reactive  chemicals.  The  absence 
of  waste  inventory  information  could  prevent  drum  opening  on  the  site  without  prior  review. 
8*2^  Explosive  Product  Survey 

If  the  site  is  a  waste  disposal  or  storage  operation,  a  survey  of  commercial  producers  or 
users  of  explosives  within  the  area  served  by  the  facility  must  be  conducted.  The 
determination  of  the  area  covered  in  this  survey  is  a  judgement  that  should  be  based  on 
locations  of  known  waste  generators  that  used  the  facility  and  geographic  location  of  the  site. 
Agencies  that  could  assist  in  identifying  explosive  producers  or  users  are  local  and  state  police 
units,  state  transportation  departments,  the  U.S.  Department  of  Transportation  (DOT),  and 
EPA  state  hazardous-waste  permit  ofBces.  Standard  Industrial  Classification  (SIC)  codes  can 
be  used  to  locate  producers  of  explosives  from  lists  of  manufacturers  available  from  state 
commerce  agencies,  local  chambers  of  commerce,  planning  agencies,  etc. 

823  Site  Inspection 

A  site  visit  is  required  prior  to  planning  a  drum  opening  operation.  This  visit  may  be  in 
addition  to  the  Reconnaissance  Survey.  Information  on  the  following  should  be  gathered 
during  the  inspeaion: 

1.  Site  boundaries  -  fences,  roads,  natural  boundaries,  etc. 

2.  Access  points  and  travel  routes  on  the  site. 

3.  Topographic  features. 

4.  Adjacent  _  land  uses  -  residential,  agricultural,  public  use  areas, 
commercial  establishments,  schools,  natural  areas,  etc. 

5.  Power  lines,  railroads,  and  public  roads  close  to  the  site. 

6.  Container  storage  areas  -  provide  observational  details;  describe  if  drums 
^e  jumbled,  stacked,  piled,  arranged  in  rows,  etc.  General  condition  of 
drums  indicates  if  containers  can  be  grouped  according  to  visual  features 
contents  or  any  other  classification  method, 

7.  Buildings  and  other  site  structures,  as  well  as  any  other  disposal  areas 
such  as  lagoons,  landfills,  surface  piles,  etc. 
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8.  Location  of  water  sources. 

9.  Location  of  potential  staging  areas. 


In  general,  the  preliminary  assessment  and  site  inspection  should  have  been  completed 
prior  to  involvement  in  opening  and  sampling  drums.  Field  characterization  should  help  to 
establish  ambient  conditions  and  identify  potential  hot  spots.  This  information  is  to  be  plotted 
on  the  site  sketch.  Observations  from  maps  and  aerial  photographs  can  also  be  used  in 
compiling  the  site  sketch. 

During  the  site  inspection  phase,  local  officials  should  be  contacted  to  arrange  for  fire 
protection  and  police  support  during  the  operation.  IntervieNvs  should  also  be  conducted  with 
site  workers,  local  officials,  and  any  other  people  familiar  with  the  site’s  history. 

The  central  purpose  of  the  background  review  is  to  evaluate  the  risk  presented  to 
personnel  engaged  in  drum-opening  operations.  An  assessment  of  drum  contents  is  most 
imponant  because  it  identifies  specific  risks.  However,  other  site  features  also  affea  the 
hazard  potential.  Leaking  and  corroded  drums,  crowded  and  poorly  organized  conditions,  and 
drums  of  unknown  and  apparently  diverse  origins  are  conditions  that  require  careful  planning 

There  are  no  accurate  quantitative  methods  available  to  evaluate  the  total  danger. 
Assessment  of  the  danger  is  subjective  and  should  be  done  by  personnel  experienced  in  the 
field  operations  at  hazardous  sites.  Good  professional  judgement  is  required,  and  project 
management  must  feel  that  adequate  information  is  available  to  support  a  decision  to  conduct 
the  drum-opening  operations.  Any  positive  indication  of  shock-sensitive  materials  that  might 
react  or  explode  requires  special  consideration.  Sites  that  are  suspected  or  known  to  contain 
such  materials  are  to  be  referred  to  the  Project  Manager  for  planning  for  drum  opening.  In 
addition,  sites  that  are  judged  to  be  unduly  hazardous  for  any  other  reason  should  be  referred 
to  the  Project  Manager 
S3  Container  Selection  Considerations 

The  containers  selected  for  opening  and  sampling  will  depend  on  the  purpose  of  the 
operation  and  on  considerations  of  safety~that  is  a  container  that  may  detonate  is  to  be 
avoided.  Even  though  many  drums  are  found  at  uncontrolled  disposal  sites  where  the  contents 
are  unknown,  it  is  worthwhile  to  consider  drum  markings  and  types,  as  well  as  drum  groupings. 

When  considering  sampling  for  enforcement,  the  first  choice  of  drums  would  be  those 
marked  with  known  hazardous  materials  (trade  name,  chemical  name,  empirical  formula)  or 
hazardous  labeling.  Next  would  be  those  isolated  be  themselves  or  material  contained  in  an 
exotic  metal  container  (e.g.,  aluminum,  nickel,  monel,  stainless  steel).  Then  consideration 
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should  be  given  to  the  unmarked  drum  piles  or  stacks.  These  should  be  sampled  randomly 
among  the  various  distinguishable  drum  lots. 

When  sampling  for  site  characterization  purposes,  a  concerted  effort  should  be  made  to 
distinguish  drum  lots  and  to  get  a  good  drum  count  among  the  lots.  A  drum  that  appears  to  be 
characteristic  and  in  the  center  of  all  the  major  drum  lots  should  be  sampled  first,  followed  by 
drums  in  as  many  of  the  smaller  lots  as  practical.  Also,  if  praaical,  duplicate  samples  should 
be  taken  on  major  drum  lots  at  either  end  of  a  lot  to  see  if  the  wastes  appear  to  be 
characteristic  all  the  way  through. 

On  most  abandoned  waste  sites,  there  is  some  organization  or  pattern  to  the  way  the 
material  was  placed  on  the  site.  The  pattern  is  occasionally  as  detailed  as  finding  the 
flammable  solvents  in  one  area,  acids  in  another,  cyanide  in  another,  recoverable  metals  in  a 
fourth,  and  so  oa  Some  disposal  facilities  stencil  control  numbers  on  drums  to  indicate 
specific  lots.  Often,  if  the  site  was  poorly  run,  the  only  indication  that  a  group  of  drums  is 
related  will  be  their  color,  size,  or  type. 

Typically,  waste  is  shipped  to  sites  in  55-gal  drums  on  trucks.  About  60  to  80  drums  are 
delivered  from  a  given  load,  depending  on  the  weight  of  the  load.  During  the  initial  site 
inspectioa  one  should  look  for  distinguishing  features  in  an  attempt  to  define  the  different  lots 
of  drum  on  the  site.  Often  the  trade  name,  chemical  name,  or  empirical  formula  uill  be 
written  on  the  drum.  Another  distinguishing  feature  would  be  drums  of  exotic  metal  such  as 
aluminum,  nickel,  monel,  stainless  steel,  etc.  A  manufacturing  facility  will  use  a  specified  DOT 
coded  drum,  a  strange  drum  size,  or  a  drum  with  an  unusual  configuration  or  adaptation  for  a 
particular  process  line  (center  of  drum  head  fill  bung,  double-sided  fill/vent  bungs,  etc.). 

At  almost  every  site  that  has  been  receiving  waste,  there  is  an  isolated  group  of 
containers.  Approach  these  with  care  but  do  tiy  to  determine  why  they  were  segregated. 

In  any  lot  of  drums  there  is  sometimes  encountered  an  unusual  or  out-of-place 
container.  This  oddbaU  container  will  not  fit  the  pattern,  color,  size,  etc.,  of  those  around  it 

(e.g.,  it  may  be  the  only  distended  drum  among  undistended  drums  or  a  lined  drum  among 
unlined  drums). 

An  attempt  should  be  made  to  avoid  drums  that  are  structurally  damaged  or  if  their 
movement  or  sampling  would  endanger  a  team  member.  Samples  of  drums  in  stacks  or  piles 
should  not  be  taken  if  at  all  possible. 

Before  sampling  any  drums,  an  external  radioactivity  scan  must  be  conducted  with  the 
results  recorded  in  the  field  notebook.  On  a  site  where  many  different  types  of  containers  are 
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present,  they  should  be  sampled  in  the  following  order,  based  on  what  they  can  be  expected  to 
contain  and  in  increasing  order  of  hazard. 

1.  Paper,  plastic,  cloth,  and  burlap  bags. 


2. 


gj^s^^boys  and  jugs  (except  chemical  reagent  or  laboratory-packed 


3.  Fiberboard  drums. 

4.  Plastic  and  polyethylene  carboys  and  containers. 

5.  Plastic-lined  steel  drums. 

6.  Steel  drums. 

7.  Exotic  metal  drums. 

8.  Odd  containers  (distended,  isolated,  etc.). 

Attachment  9.2  contains  information  of  the  types,  sizes,  DOT  designation,  openings, 
and  recommended  opening  techniques  for  the  various  kinds  of  containers.  Any  drum  without 
a  DOT  designation  should  be  avoided,  as  it  may  have  militaiy  origins.  The  DOT  designation, 

which  is  usually  found  on  the  bottom  of  a  drum,  can  be  useful  in  determining  the  material  of 
the  drum. 

8.4  Container  Handling  and  Staging 

Personnel  involved  in  handling  and  transporting  containerized  waste  shall  work  in 
teams  containing  no  fewer  than  two  people.  Visual  contact  shall  be  maintained  between 
members  of  the  working  team  at  all  times.  All  team  members  shall  be  able  to  communicate 
between  themselves  and  with  the  Site  Health  and  Safety  Officer  by  intrinsically  safe  two-way 
radio  at  all  times  on  the  work  site. 

Prior  to  physically  handling  a  drum  or  other  container,  the  following  preliminary 
classifications  checklist  must  be  reviewed  and  eabh  response  noted  in  a  field  notebook: 

1.  Is  the  drum  radioactive: 

2.  Does  the  drum  exhibit  leakage  or  deterioration,  i.e.,  is  it  unsound? 

3.  Does  the  drum  exhibit  apparent  internal  pressure? 

4.  Is  the  drum  empty? 

5.  Does  the  drum  contain  markings  which  would  indicate  that  the  contents 
are  potentially  explosive? 


1-150 


Proc«dur«  No. 

DRUM  HANDLING 

AND  SAMPLING 

FP  6-4 

0 

Pages  of  19 

The  results  of  the  preliminary  classification  checklist  dictate  which  specific  procedures 
shall  be  followed  in  handling,  opening,  and  sampling  the  drum. 

The  handling,  movement,  and  transport  of  drums  and  other  containers  should  be  by  use 
of  mechanical  equipment  only;  no  drums  should  be  handled  manually.  Remote  drum  handling 
equipment  may  consist  of  a  grappler  equipped  backhoe  or  front-end  loader.  Drum 
transponation  should  be  with  front-end  loaders  or  fork  lifts  with  modified  carrying  platforms. 
Portions  of  equipment  that  contact  drums  or  canisters  should  be  constructed  of  non-ferrous 
metals  or  contact  portions  should  be  coated  or  lined  to  preclude  spark  generation.  Handling 
and  transport  equipment  must  be  equipped  with  full  frontal  and  side  splash  and  explosion 
shields.  Class  ABC  fire  extinguishers  shall  be  fitted  to  the  body  of  each  piece  of  equipment. 

When  possible,  drums  or  other  containers  to  be  sampled  should  be  opened  and 
sampled  in  place  to  minimize  handling.  However,  when  drums  are  stacked  or  are  close 
together,  they  may  have  to  be  moved  to  prevent  sympathetic  detonation  of,  or  chemical 
reaction  with,  other  drums  around  the  one  being  opened.  The  main  criterion  is  distance  to 
other  drums~a  reasonable  distance  should  be  maintained  to  keep  the  drum  to  be  opened 
segregated  from  the  others. 

Drums  or  containers  exhibiting  the  following  characteristics  require  special  treatment  in 
handling  and  sampling: 

.  leaking  or  deteriorated  drums 

.  bulging  drums 

.  drums  containing  explosive  or  shock-sensitive  waste 

.  drums  containing  radioactive  waste 

lab  packs 
gas  cylinders 

When  drums  are  moved,  they  should  be  taken  to  a  staging  and  sampling  area  that  is 
diked  or  bermed  to  control  any  major  spillage.  Again,  this  area  should  be  far  enough  away 
from  other  drums  on  the  site  to  prevent  a  chain  reaction.  Only  one  container  at  a  time  should 
be  placed  in  the  staging  area  and  opened.  One  crew  can  be  moving  and  setting  up  the  remote¬ 
opening  equipment  on  the  next  container  while  another  crew  is  sampling,  labeling,  and 
resealing  the  first  container. 
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Containers  that  are  inside  warehouses,  basements,  or  other  buildings  must  be  moved 
outside  before  they  can  be  opened.  Adequate  ventilation  is  critical  for  container-opening 
operations. 

Empty  drums  containing  less  than  1  in.  of  solid  residual  waste  and  those  resulting  from 
on-site  bulking  and  repack  operations  shall  be  loaded  by  grappler  into  transport  equipment 
and  placed  within  the  empty  drum  staging  area.  Residuals,  where  possible  shall  be  transferred 
to  repack  containers  prior  to  movement. 

8.5  Remote  Opening 

Because  of  the  possibility  of  encountering  a  drum  containing  a  shock-sensitive  material, 
any  drum  to  be  moved  and/or  sampled  should  be  remotely  shaken.  On  way  of  doing  this  is  to 
carefully  tie  a  rope  around  the  drum  and  shake  it  from  behind  a  barrier  at  a  safe  distance. 

The  required  method  of  opening  drums  is  by  remote  means  (except  as  noted  in 
Attachment  9.2).  Three  types  of  remote-opening  equipment  are  available:  the  bung  spinner, 
the  remote-controlled  drill,  and  the  drum  pierce. 

The  bung  spinner  consists  of: 

1.  Air  impaa  wrench  with  nonsparking  adapter. 

2.  Drum-mounting  bracket. 

3.  Two-stage  regulator. 

4.  Compressed  air  cylinder  with  100  ft  of  air  hose  and  control  valve. 

The  impact  wrench  is  mounted  over  the  bung  on  top  of  the  drum  by  means  of  the  steel¬ 
mounting  bracket.  The  air  tank,  regulator,  and  control  valve  can.be  placed  up  to  100  ft  away 
from  the  drum  in  a  well-protected  location. 

A  remote-controlled,  air-operated,  self-feeding,  and  self-retracting  drill  can  also  be 
used.  This  tool  consists  of: 

1.  Self-feeding  and  self-retracting  drill. 

2.  Drum-mounting  bracket. 

3.  100  ft  of  air  and  control  hoses. 

4.  Two-stage  high-pressure  regulator. 

5.  Compressed  air  cylinder. 

6.  Filter/regulator/lubricator  unit 
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AS  w,U  bung  spinner,  the  air  tank,  regulator,  and  control  valves  can  be  placed  up  to 
100  ft  away  from  the  drum  in  a  weU-protected  location.  There  are  two  controls  on  this  piece  of 
equipment~a  start  valve  and  an  emergency  retract  valve. 

The  drum  pierce  consists  of: 

Hydraulic  ram  with  hand  pump. 

100  ft  of  hydraulic  hose. 

Drum-mounting  bracket  (top  or  side). 

Piercing  nail. 

This  umt  uses  the  same  bracket  as  the  drum  drill.  The  hydraulic  ram  slowly  forces  the 

s  ee  pierce  t  ough  the  drum  surface  as  the  hand  pump  is  operated.  When  the  1/2  in  - 

diameter  hole  B  complete,  opening  a  reUef  valve  on  the  pump  aUows  the  spring  to  retraa  the 
piercer  from  the  hole.  cuau  uie 

When  any  of  these  pieces  of  equipment  is  used,  the  control  lines  are  to  be  „ 

their  maximum,  and  drum-opening  personnel  are  to  operate  the  controU  from  behind 
sandbags,  a  conaete  or  brick  structure,  or  other  soUd  barriers.  Remember,  the  opening 
surfaces  of  the  dnil  or  bung  spinner  should  be  decontaminated  after  each  use,  ^ 

The  following  guidelines  are  offered  for  other  types  of  containers- 

1.  - •  - 


1. 

2. 

3. 

4. 


4. 


8.6 


Sllifi'iSP®?’  drums  -  Loosen  the  ring  and  then  remove  it 

^  ^  ^  necessary  to  cut  the  ring  do  so  near 

the  bolt  or  clamp/lever  so  that  there  will  be  a  place  to  attach^e  rope 

lapped/ground-glass  stopper  or  plastic  can  - 

S«m"eT'n^nfan“li3^ranr“‘"'"  '  **  ‘“^8 

polyethylene  carboys  and  plastic-lined  drums  (when  necessarvl 
;ro^er  aluminum,  brass,  or  beryllium  burig  wfLncTof  22 

^TreSo  ^thods’^1 

srThXwsr^=s;drpte  » 


Problem  Containers 

Specie  handling  techniques  are  required  for  containers  which  may  expose  personnel  to 
pamcularly  hazardous  conditions.  These  techniques  are  describes  in  general  below 
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(information  derived  from  Reference  4.2),  although  site-specific  conditions  may  require  the 
development  of  specialized  methods  in  the  Site  Operations  Plan. 

8.6.1  Leaking  or  Deteriorated  Drums 

1.  The  contents  of  drums  that  exhibit  leakage  or  apparent  deterioration 
such  that  movement  will  cause  rupture  (determined  by  the  HSO)  must 
immediately  be  transferred  to  a  repack  drum.  Equipment,  including 
transfer  pumps  used  in  the  repack  operation,  must  be  of  explosion  proof 
construction. 

2.  Leaking  drums  containing  sludges  or  semi-solids,  drums  that  are 
structurally  sound  but  which  are  open  and  contain  liquid  or  solid  waste, 
and  drums  which  are  deteriorated  but  can  be  moved  without  rupture 
must  be  immediately  placed  in  overpack  containers. 

8.6  J  Bulging  Drums 

1.  Drums  which  potentially  may  be  under  internal  pressure,  as  evidenced  by 
bulging,  must  be  sampled  in  place.  Extreme  care  shall  be  exercised  when 
working  with  and  adjacent  to  potentially  pressurized  drums. 

2.  Should  movement  of  a  pressurized  drum  be  unavoidable,  handle  only  be 
a  grappler  unit  constructed  for  explosive  containment.  The  bulging  drum 
shouM  be  move  only  as  far  as  necessary  to  allow  seating  on  finn  ground 
or  it  should  be  carefully  overpacked. 

3.  Openings  into  pressurized  drums  shall  be  plugged  and  the  bung  holes 
fitted  with  pressure  venting  caps  set  at  5  psi  release. 

8.63  Drums  Containing  Explosive  or  Shock  Sensitive  Waste 

1.  If  drums  containing  wastes  that  have  been  identified  by  sampling,  or  are 
suspected  by  visual  examination  to  be  explosive  in  nature  are  found,  the 
Task  Order  Manager  and  the  HSO  must  be  notified  immediately,  before 
the  drums  are  handled  in  any  way. 

2.  If  the  Task  Order  Manager  and  the  HSO  approve  handling  of  these 
drums,  they  shall  be  handled  with  extreme  caution.  Initial  handling  shall 
be  by  a  grappler  unit  constructed  for  explosive  containment.  Drums  shall 
be  palletized  prior  to  transport  to  a  high  hazard  interim  storage  and 
disposal  area. 

3.  If  at  any  time  during  remedial  activities,  an  explosive,  pursuant  to 
provisions  of  Title  18,  U.S.  Code,  Chapter  40  (Importation, 
Manufacturer,  Distribution,  and  Storage  of  Explosive  Matenals,  1975 
Explosives  List)  is  identified,  it  should  be  secured  and  the  appropriate 
state  and  feder^  agencies  notified. 

4.  Identification  of  an  explosive  substance  during  the  course  of  a  remedial 
action  is  usually  based  on  the  experience  of  the  on-site  personnel. 
Potentially  explosive  materials  usually  may  be  identified  by  their  physical 
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chaxaaeristics  ~  texture,  color,  density,  etc.,  as  well  as  the  way  they  are 
packaged  or  labeled.  Most  e:i^losives  are  solids.  In  some  cases  they  are 
packaged  in  water-tight  containers  to  exclude  water,  while  in  other  cases 
they  are  packaged  wet  to  preclude  explosion. 

5.  Prior  to  handling  or  transporting  drums  containing  explosive  wastes, 
personnel  working  in  the  area  shall  be  removed  to  a  safe  distance  (as 
determined  by  the  HSO).  Continuous  contaa  with  the  communication 
base  shall  be  maintained  until  handling  or  transporting  operations  are 
complete.  An  audible  siren  signal  system,  similar  to  that  employed  in 
conventional  blasting  operations,  shall  be  used  to  signify  the 
commencement  and  completion  of  explosive  waste  handling  or 
transporting  activities. 

8.6.4  Drums  Containing  Radioactive  Waste 

1.  Drums  containing  radioactive  wastes  shall  not  be  handled  until  radiation 
levels  have  been  determined  by  an  initial  field  survey  which  is  recorded  in 
a  field  notebook.  The  survey  shall  include  backgroimd  levels,  direct 
gamma  readings  and  laboratory  analysis  of  drum  surface  wipe  samples. 

2.  Depending  on  the  level  of  radiation  encountered,  handling  and  transport 
may  require  special  shielding  devices  to  protect  personnel.  Following 
handling  and  transport,  equipment  used  shall  be  surveyed  by  the  HSO 
and  decontaminated  to  background  levels  prior  to  recommencing  work. 
Surveys  shall  also  be  made  of  the  ground  surface  in  the  vicinity  of  original 
drum  storage  to  identify  potential  soil  contamination  by  spilled  or  leaked 
radioactive  waste.  Prior  to  recommencing  work  in  the  area,  radioactive 
soil  areas  shall  be  isolated  to  prevent  tracldng  of  radioactive 
contaminants  about  the  site,  and  workers  who  entered  the  area  should 
have  their  gloves  and  boots  surveyed  for  radiation. 

8.6.5  Packaged  Laboratory  Wastes  (Lab  Packs) 

1.  If  drums  known  or  suspected  of  containing  discarded  laboratory 
chemicals,  reagents  or  other  potentially  dangerous  materials  in  small 
volume,  or  individual  containers  are  found,  the  Task  Order  Manager  is  to 
be  notified  immediately,  before  the  drums  or  containers  are  moved  or 
opened. 

2.  If  the  Task  Order  Manager  and  the  HSO  approve  the  handling  of  these 
containers,  they  shall  be  handled  with  extreme  caution.  Until  otherwise 
categorized,  Aey  shall  be  considered  explosive  or  shock-sensitive  wastes. 
Initial  handling  shall  be  by  a  grappler  unit  constructed  for  explosive 
containment.  Drums  shall  be  palletized  and  overpacked  if  required  prior 
to  tramport  to  the  Lab  Pack  staging  area  for  sorting,  identification, 
repacking  and/or  stabilization. 

3.  Prior  to  handling  or  transporting  Lab  Packs  from  the  existing  drum  area, 
personnel  working  in  the  immediate  area  shall  be  removed  to  a  safe 
distance.  Continuous  contact  with  the  communication  base  shall  be 
maintained  until  handling  or  transporting  operations  are  complete.  An 


1-155 


Proe«dur«  No. 

Rov. 

DRUM  HANDUNG 

AND  SAMPUNG 

FP  6-4 

0 

Page  14  of  19 

audible  siren  signal  sjjstem,  similar  to  that  employed  in  conventional 
blasting  operations  will  be  used  to  signify  the  commencement  and 
cessation  of  Lab  Pack  handling  or  transporting  activities. 

8.6.6  Air  Reactive  Wastes 

1.  If  ±e  presence  of  air  reactive  substance  is  verified  or  even  suspected,  the 
matenal  should  be  immediately  segregated  and  transponed  to  a  separate 
high  hazard  interim  storage  and  disposal  area. 

2.  Air  reactive  wastes  may  be  discovered  during  opening  or  sampling 
aerations.  Air  reactive  substances  normally  require  special  packaging. 

They  may  be  stored  under  water  or  some  other  liquid  to  minimize  air 
contact.  They  may  also  be  found  in  sealed  ampoules,  corrugated  drums, 
stainless  steel  canisters,  or  specially  lined  drums. 

8.6.7  Gas  Cylinders 

1.  Gas  (flinders,  when  encountered,  should  be  stored  and  disposed  of  on  a 
special  case  basis  depending  on  the  integrity  of  the  cylinders  and  type  of 
substance  they  are  ei^erted  to  contain. 

8.7  Container  Sampling 
8.7.1  Equipment 

1.  Personal  protection  equipment. 

2.  500  ml,  wide-mouth  amber  glass  bottle  with  Teflon  cap  liner 

3.  Uniquely  numbered  sample  identification  labels  and  tags,  filled  out  and 
affixed  to  sample  containers  before  sampling  commences. 

4.  4-ft.  X  3/4-in.  ID  glass  sampling  thief. 

5.  Remotely  operated  opening  device  (see  Section  8.5). 

6.  One  gallon  covered  cans  half-filled  with  absorbent  (for  off-site  shipment 
only). 

8.72  Sampling  Procedures 

All  drums  and  mechanical  equipment  should  be  grounded  prior  to  the  commencement 
of  sampling.  If  they  bung  or  container  lid  can  be  removed,  sample  contained  liquids  using  a 
glass  thieC  which  shall  then  be  broken  and  discarded  within  the  barrel.  A  barrel  that  has  a 
badly  rusted  bung,  or  that  caimot  be  sampled  as  above,  shall  be  safely  entered  with  a  hydraulic 
penetrating  device  operated  remotely  (see  Section  8  J).  All  openings  shall  be  plugged  except 
during  sampling  operation. 
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The  steps  to  be  followed  in  sampling  are  as  follows; 

1.  Record  any  markings,  special  drum  conditions,  and  type  of  opening  in  the 
Md  notebook,  on  the  sample  log  sheet,  and,  later,  on  the  Chain-of- 
Custody  form.  Locate  the  general  area  on  a  sketch  of  the  site, 

2.  Stencil  and  identifying  number  on  the  drums  and  record  in  logbook 
Consult  the  sampling  plan  for  identifications 

3.  Make  cenain  that  the  drum/container  is  set  on  a  firm  base,  preferably  in 
a  fully  upright  position. 

4.  Open  the  dmm/container  as  described  in  Section  8.5  and  Attachment  9.2. 

5.  toert  glass  tubing  almost  to  the  bottom  of  the  drum  or  until  a  solid  layer 
IS  encountered.  About  1  ft.  of  tubing  should  extend  above  the  drum. 

6.  Allow  the  waste  in  the  drum  to  reach  its  natural  level  in  the  tube.  The 
ap  the  top  of  the  sampling  mbe  with  a  tapered  stopper,  ensuring  liquid 
does  not  come  into  contact  with  stopper. 

7.  CarefyUy  remove  the  capped  tube  from  the  drum  and  insert  the  uncapped 
end  in  the  sample  container.  Release  the  stopper  and  allow  the  glass 
thief  to  drain  completely  into  the  sample  container. 

8.  Deliver  100  to  250  ml  of  the  sample  (the  sampling  plan  will  specify  the 
amount)  to  a  clean,  wide-mouth,  500-ml  (1-pt)  glass  sample  jar.  If  the 
sample  is  not  free  flowing  and  is  taken  through  a  bung  opening,  repeated 
sampling  may  be  necessary. 

9.  Place  the  used  sampling  tube,  along  with  paper  towels  or  waste  rags  used 
to  wipe  up  any  spills,  into  an  empty  metal  barrel  for  subsequent  disposal. 
K  glass  tubing  has  been  used,  it  may  be  broken  and  left  inside  the  drum 
being  sampled. 

10.  aamp  the  sample  container  tightly  and  place  prelabeled  and  tagged 
sample  container  in  a  carrier. 

11.  Replace  the  bung  or  lids  or  place  plastic  over  the  drum/container. 

12.  Measure  the  sample  for  radioactivity  and  record  results  in  a  field 
notebook.  If  the  meter  readings  exceed  10  mRhr,  notify  the  FOL 
immediately. 

13.  Fill  out  Chain-of-Custody  Record  and  carefully  pack  samples.  The 
finished  package  will  be  padlocked  or  custody-sealed  for  shipment  to  the 
laboratory.  The  preferred  procedure  includes  the  use  of  a  custody  seal 
^oss  filament  tape  that  is  wrapped  around  the  package  at  least  twice. 
The  custody  seal  (paper,  plastic,  or  metal)  is  folded  over  and  stuck  to 
Itself  so  that  the  only  access  to  the  samples  is  by  cutting  the  filament  tape 
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or  breaking  the  seal  to  unwrap  the  tape.  The  seal 
package  is  shipped. 

is  signed  before  the 

14.  Complete  the  appropriate  traffic  report.  Drum  samples  are  always 
considered  to  be  high-hazard  samples. 


8.7J  Sample  Preservation  and  Packing  Procedures  for  Drummed  Waste  Samples 

1.  No  preservatives  shall  be  used. 

2.  Place  sample  in  a  ziplock  plastic  bag. 

3.  Place  each  bagged  container  in  a  1-gallon  covered  can  containing 
absorbent  packing  material.  Place  lid  on  can. 

4.  Mark  the  sample  identification  number  on  the  outside  of  the  ran 

5.  Arrange  for  the  appropriate  transportation  mode  consistent  with  the  type 
of  hazardous  waste  involved. 

8.8  Resealing  and  Siting  Containers 

All  containers  opened  for  sampling  need  to  be  resealed  to  prevent  the  escape  of  vapors 
and  possible  reactions  from  rainwater,  air  and  so  on.  The  resealing  methods  will  depend  on  the 
opening  methods  used  and  include  the  following: 

1.  Replacing  the  bung,  screw  cap,  etc. 

2.  Replacing  the  lid  and  retaining  ring. 

3.  Placing  the  drum  in  an  overpack  (larger  drum)  when  it  cannot  be 
reseaied  by  any  other  method. 

4.  If  a  hole  is  drilled,  use  of  a  special  rubber  of  plastic  plug.  A  drum  bonnet 
should  be  used  to  ensure  that  rainwater  does  not  seep  around  the  plug. 

It  is  important  to  note  that  these  resealing  methods  are  for  the  purpose  of  preventing 
leakage  from  the  container  while  it  is  in  storage  on  the  site.  If  the  container  is  to  be  moved  off 
the  site,  DOT  regulations  regarding  transportation  of  drums  must  be  complied  with.  These 
will  generally  require  more  rigorous  sealing  procedures. 

Once  the  drum  is  sampled  and  resealed,  it  should  be  left  where  it  cannot  react  with 
other  containers  on  the  site.  For  a  small  number  of  drums,  the  storage  areas  may  be  the 
staging  and  opening  area.  In  any  event,  the  sampled  drums  should  be  placed  in  an  area  away 
from  other  groups  of  containers  on  the  site.  The  reason  is  that  slowly  progressing  chemical 
reactions  can  start  when  a  container  is  opened  and  the  contents  exposed  to  air  or  the 
disturbance  caused  by  handling  the  drum.  Such  a  reaction  could  take  hours  or  even  days  to 
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occur.  Another  reason  for  the  segregation  and  identification  of  drums  for  recovery  is  for  use 
as  evidence. 

8.9  Public  Evacuation/Alert  Consideration 
8.9.1  General 

The  potential  need  for  evacuation  of  the  site  and  surrounding  area  must  be  considered 
when  the  Site  Operations  Plan  and  Health  and  Safety  Plan  are  developed.  The  HASP  should 
describe  the  conditions  requiring  evacuations  and  the  parties  responsible  for  issuing  ad 
enforcing  an  evacuation  order.  Several  sit-  specific  factors  influence  the  need  for,  and  the 
extent  of,  the  evacuation  or  alerting  of  the  nearby  off-site  public.  These  factors  include  the 
following: 

1.  Proximity  of  residences,  shopping  or  other  commercial  or  business  areas, 
factories,  highways,  railroads,  and  airfields  or  other  transportation  routes 
that  may  have  to  be  evacuated.  This  information  will  be  available  from 
the  backgroimd  review  and  preliminary  site  inspections. 

2.  Proximity  of  other  facilities  that  could  be  involved  in,  cause  or  propagate 
a  fire,  explosion,  or  toxic  release  on  the  site.  This  information  will  ^so  be 
known  from  the  background  review  and  site  inspection. 

3.  Presence  of  explosive,  flammable,  or  volatile  substances  on  the  site. 

Some  general  indications  of  the  types  of  hazards  present  may  be  provided 
by  the  background  review  and  site  inspeaion.  The  p'robability  of 
encountering  explosives  (i.e.,  directly  detonatable  or  shock-sensitive 
materials  as  opposed  to  e^losive  vapor-oxygen  mixtures)  will  have  been 
reduced  by  the  screening  procedures  applied  during  earlier  site 
evaluation.  Preliminary  assessment  and  site  inspection  may  provide 
indications,  or  definite  knowledge,  that  specific  compounds  presenting 
know  flammability  or  toxicity  hazards  are  in  the  containers.  Of  these 
known  hazards,  Aose  having  the  greatest  potential  for  atmospheric 
spread  off  the  site  should  be  used  in  estimating  evacuation  hazard 
distMces  as  described  below.  For  example,  if  several  volatile  toxic 
liquids,  or  toxic  vapors,  ar  present,  those  having  the  greatest  toxic 
potential  in  air,  as  measured  by  a  Threshold  Limit  Value  (TLV)  or 
classified  as  Immediately  Dangerous  to  Life  and  Health  (IDLH),  should 
determine  the  hazard  distance,  since  these  have  the  potential  for  the 
greatest  health  impacts. 

Atmospheric  drift  of  a  toxic  or  flammable  vapor  cloud  or  plume  can  often 
extend  to  great  distances  from  the  site,  and  hence  potentially  threaten 
more  people  than  even  an  explosive  hazard.  Similarly,  thermal-radiation 
hazards  generated  by  even  a  large  fire  on  the  site  generally  reach  to 
distances  which  are  small  compared  to  possible  atmospheric  drift 
distances  of  a  vapor  cloud. 

4.  Potential  for  an  accident  on  the  site  which  could  result  in  an  atmospheric 
release  of  flammable  or  toxic  liquid  or  vapor.  This  possibility  should  be 
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remote  if  only  one  drum  is  opened  at  a  time  and  if  that  drum  is 
segregated  from  the  other  drums. 


The  most  important  parameter  that  needs  to  be  established  for  any 
accident  is  the  rate  of  liberation  of  flammable  or  toxic  vapor; 
unfonunately,  this  is  often  the  most  uncertain  quantity. 

5.  Prevailing  wind  speed  and  direction  and  atmospheric  stability  affect  very 
strongly  the  pattern  of  atmospheric  spread  of  a  gas  cloud.  If  these  can  be 
ouantitatively  estimated  at  the  time  an  actual  accidental  release  occurs, 
this  information  should  be  used  in  calculating  an  estimated  evacuation 
corridor  as  detailed  below. 

However,  because  wind  direction  is  subject  to  rapid  and  unpredictable 
variations,  and  because  atmospheric  drift  of  a  concentrated  cloud  or 
plume  is  greatest  under  stable  atmospheric  conditions  and  low  winds 
speeds,  it  is  usually  preferable  to  take  a  conservative  approach.  Thus, 
one  should  base  a  public  hazard  evacuation  distance,  in  any  direction 
from  the  site,  on  an  assumed  worst-case  atmospheric  condition,  that  is,  a 
stable  atmosphere  and  nominal  low  wind  speed,  say  5  mph. 

8.9^  Plausible  Accident  Scenario 

A  plausible  but  hypothetical  scenario  for  an  accident  that  may  be  expected  to  occur 
during  closed-container  opening  operations  would  involve  a  release,  from  only  the  one  55-gal 
drum  being  opened,  of  a  volatile  toxic  liquid  that  rapidly  vaporizes  and  forms  and  nonbuming 
but  continuous  source  of  a  toxic  vapor  plume.  The  rate  of  vapor  generation  and  release  can  be 
calculated  from  the  assumption  that  the  upright  drum  is  completely  open  at  the  top  and  a 
knowledge  of  the  vapor  pressure  and  some  other  readily  available  chemical  properties  of  the 
chemical  involved.  For  simplicity,  the  fact  that  a  complex  mixture  of  chemicals  may  actually  be 
involved  is  neglected  and  the,  most  toxic  liquid  or  vapor  is  treated  as  if  it  were  a  pure 
component. 

8.93  Estimating  Hazard  Evacuation  Radius 

Once  the  rate  of  atmospheric  release  of  vapor  is  estimated  for  the  accident  scenario, 
outside  assistance  from  any  of  several  sources  may  be  sought  to  estimate  an  atmospheric 
dispersion  distance  appropriate  for  the  degree  of  flammability  or  toxicity  hazard  of  the 
chemical  involved.  This  estimate  would  then  be  used  as  a  recommendation  of  an  evacuation 
radius  to  be  made  to  the  responsible  official  in  charge  at  the  site,  who  will  actually  determine 
the  necessity  and  extent  of  public  evacuation. 

Outside  assistance  in  estimating  the  hazard  radius  in  an  emergency  situation  may  be 
obtained  from  EPA’s  Emergency  Response  Team  (ERT),  the  U.S.  Coast  Guard’s  Hazard 
Assessment  Computer  System  (HACS),  or  from  other  hazard  analysts. 
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Two  different  situations  may  require  the  evacuation  of  the  off-site  public: 

1.  Tlie  emergency  resulting  from  an  actual  occurrence  of  an  accident 
mvolving  atmospheric  release  during  drum-opening  operations. 

2.  Precautionaiy  planmng  before  the  start  of  drum-opening  operations  in 

antiapation  of  an  accident.  s  ‘luuiii,  m 

The  above  hypothetical  scenario  involving  a  single  drum  may  be  used  in  planning 
precautionaiy  evacuations  before  the  stan  of  a  dangerous  drum-opening  operation.  On  the 
other  hand,  in  an  actual  accident,  the  release  rate  may  be  estimated  if  the  number  of  drums 
releasing  and  the  size  of  the  opening  in  each  such  drum  can  be  estimated  by  observation. 

The  decision  to  evacuate  or  alen  the  public  off  the  site  as  a  precautionary  measure 
depends  on  the  degree  of  hazard  presented  by  the  materials  known  to  be  present  at  the  site. 
For  the  scenario  described  above,  a  table  of  numerical  hazard  distances  for  several  of  the 
commonly  encountered  chemicals  and  those  expected  to  be  found  at  the  site  will  prepared 
before  drum-opening  commences  as  pan  of  the  Health  and  Safety  Plan.  These  distances  may 
then  be  used  as  numerical  decision  criteria  for  precautionary  evacuation  by  comparing  them  to 
the  known  distances  of  populated  areas  from  the  site. 

9.0  ATTACHMENTS 

9.1  Provides  reference  information  for  procuring  qualified  subcontractors  for  drum 
handling  and  removal. 

92  Techniques  for  opening  containers. 
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DRUM  HANDLING  AND  REMOVAL 

1.0  PURPOSE 

The  purpose  of  this  attachment  is  to  provide  reference  information  for  procuring  a 
qualified  subcontractor  for  drum  handling  and  removal  activities  at  hazardous  waste  sites. 

2.0  SCOPE 

It  is  assumed  that  the  removal  and/ or  special  onsite  handling  of  drums  at  a  hazardous 
waste  site  will  require  the  services  of  a  subcontractor  specialist  and  that  the  lead  firms  within 
HAZWRAP  will  not  undertake  this  activity  themselves. 

This  attachment  is  limited  to  addressing  the  procurement  of  a  qualified  subcontractor 
for  drum  handling  and  removal  activities. 

3.0  REQUIREMENTS 

Drum  handling  and  removal  is  normally  handled  by  specialty  subcontractors.  Specific 
contractural  requirements  are  necessary  to  address  this  dangerous  and  sensitive  activity. 

4.0  REFERENCES 
None. 

5.0  DEFINITIONS 

Dram  -  Any  container  used  to  store  hazardous  materials  in  a  quantity  less  than  60  U.S. 
gallons. 

Hazardous  Materials  -  Any  substance  capable  of  producing  deleterious  health  effects, 
upon  any  form  of  skin  contact,  inhalation  or  ingestion  by  animals  or  humans. 

6.0  RESPONSIBILITIES 
6.1  Project  Manager 

The  Project  Manger  is  responsible  for  identifying  the  need  for  procuring  drum  handling 
and  removal  services  and  for  developing  the  bid  package,  technically  reviewing  bids  and 
preparing  the  purchase  requisition. 

62  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  monitoring  the  progress  of  the  drum 
handlihg/removal  subcontraaor  while  the  subcontractor  is  onsite,  establishing  that  the 
subcontractor  conforms  to  the  requirements  of  the  work  scope. 

7.0 

None  specified. 
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8.0  PROCEDURES 

Information  to  be  Transmitted  to  the  Subcontractor 

In  preparing  the  bid  package,  the  Project  Manager  shall  provide  all  available 
information  as  related  to  the  drum  handling  activity  in  question.  The  request  shall  make  it  a 
contractual  requirements  that  the  same  information  be  transmitted  by  the  main  subcontractor 
to  any  lower-tier  subcontractors  who  may  be  needed  in  order  to  complete  the  task. 

The  information  shall  include,  but  is  not  limited  to,  the  following: 

.  general  information  and  project/site  background 

.  scope  of  work  and  proposed  date(s)  of  activity 

.  waste  characterization  including: 

1.  drum  contents 

2.  numbers  of  drums 

3.  physical  condition  of  drums 

4.  physical  description  of  drums 

.  Known  chemical  and  physical  hazards  associated  with  the  site  and  drums. 

.  ^®3Jth,  Safety  and  Training  Requirements  including,  but  not  limited  to 

the  following: 

Health  and  Safety  Plan  (HASP)  for  the  HAZWRAP  Program  which 
defines: 

1.  Medical  surveillance  requirements  for  all  subcontractor  personnel. 

Prior  to  subcontractor  personnel  performing  onsite  work,  each 
person  must  successfully  complete,  at  subcontractor  expense,  the 
medical  monitoring  defined  in  the  HASP  and  must  provide  the 
specified  Physical  Statement  signifying  medical  approval  to 
perform  site  work. 

2.  Bmdamental  H&S  Training  (1  day)  which  is  to  be  completed  bv 
the  subcontractor’s  onsite  employees  prior  to  site  work  and  which 
will  generally  be  provided  by  the  Health  and  Safety  Officer  (HSO) 
assigned  to  the  site. 

Person^  Protective  Equipment  requirements,  which  should  be  defined  n 
the  projea  specific  HASP  prepared  by  the  HSO. 

.  Contract  language  requirements  for  the  subcontractor  to  comply  with  all 
requirements  of  the  Program  HASP,  the  project-specific  HASP,  and  all 
^plicable  Federal,  State  and  Local  Health  and  Safety  regulations. 
Contract  language  should  also  specify  that  the  HSO  may  stop  the 
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subcontractor’s  work  on  his  failure  to  comply  with  any  of  these 
requirements  and  that  subsequent  damages  may  be  assessed. 

S2  Information  Required  to  Evaluate  the  Subcontractor 

The  subcontractor  and  any  lower-tier  subcontractor  to  be  used  should  be  required  to 

provide  the  following  information  as  part  of  their  bid: 

.  A  complete  case  history  regarding  drum  handling  activities  on  hazardous 
waste  sites  and  references  regarding  job  performance 

.  Experience  of  specific  subcontractor  personnel  who  are  to  perform  the 
drum  handling  aaivity  in  question 

.  A  detailed  description  of  equipment  to  be  used  for  performing  the  scope 
of  work 

The  bid  package  should  request  sufficient  information  from  the  bidders  to  permit  the 
following  considerations  to  be  addressed: 

.  Experience  and  Reference 

1.  How  long  has  the  subcontractor  been  in  business? 

2.  How  many  similar  drum  handling  jobs  has  the  subcontractor 
performed? 

3.  Are  references  favorable? 

4.  What  is  the  experience  of  persoimel  specifically  assigned  to  this 
project? 

5.  Are  the  personnel  in  a  current  medical  monitoring  program? 

6.  Is  the  subcontractor  familiar  with  Health,  Safety,  Training,  and 
Operational  Procedures? 

.  Training 

1.  Does  the  subcontractor  have  an  employee  training  program? 

2.  If  so,  how  often  is  refresher  training  given? 

3.  Are  personnel  certified  or  licensed  by  reputable  agencies, 

associations? 

4.  What  does  the  training  program  encompass?  Equipment 
operation?  Health  and  S^eiy?  Proper  working  procedures? 

.  Procedures 

1.  Are  the  subcontractor’s  drum  handling  procedures  consistent  with 

EPA  protocol,  OSHA  procedures,  and  other  applicable  standards? 
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2.  Do  these  procedures  account  for: 

a.  environmental  stress? 

b,  inclement  weather? 

c  upgrading  in  the  level  of  protection? 

3.  How  does  the  subcontractor  plan  to  cany  out  these  procedures? 

a.  how  many  operators? 

b.  how  many  helpers? 

per?onn\T?  responsibilities  for  assigned 

Equipment 

1.  Is  the  subcontractor’s  equipment: 

a.  in  conformance  to  OSHA  standards? 

b.  regularly  inspected? 

c.  regularly  serviced? 

d.  easily  serviceable? 

e.  modem? 

2.  Does  the  subcontractor  employ: 

a.  dram  grapplers  attached  to  a  hydraulic  excavator? 

b.  a  front-end  loader,  which  can  be  loaded  manually 

foSf  ^  ® 

3.  Which  of  the  aforementioned  methods  is  better  for  the  job? 

?mOTe  f^ible?^‘^°'^  proposed  another  acceptable  method  which 

5.  Has  the  subcon^rtor  attempted  to  employ  remote  handling 

equipment  that  wU  lessen  the  potential  for  worker  contact?  Or  is 
i^uty°cona^?’  improper  lifting  and  potential  back 

6.  Does  loading  equipment  contain* 

a.  an  air  conditioned  cab  for  operation  safety  and  comfort? 
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b.  an  overhead  canopy  and  safety  splash  shield  for  operation 
safety? 

c.  emergency  escape  packs  if  this  is  deemed  necessary? 

d.  provision  for  use  of  supplied  air  respirators? 

.  Costs 

Are  costs: 

1.  Clearly  outlined  for  the  scope  of  work? 

2.  Responsible  and  competitive  for  the  procedures  and  equipment 
being  used? 

Tliese  criteria  should  be  cited  as  part  of  the  detailed  bid  package  for  technical 
evaluation  and  selection  of  a  drum  handling  subcontractor. 

9.0  ATTACHMENTS 
None, 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  obtain  ground-water  samples  that  are  representative 
of  the  source  from  which  they  are  taken,  and  minimize  sampler  exposure  to  ground-water 
contaminants.  The  methods  and  equipment  described  are  for  the  collection  of  water  samples 
from  the  saturated  zone  of  the  substrata. 

2.0  SCOPE 

This  procedure  provides  information  on  proper  equipment  and  techniques  for  ground- 
water  sampling.  Review  of  the  information  contained  herein  will  facilitate  planning  of  the 
field  sampling  effort  by  describing  standard  sampling  techniques.  The  techniques  described 
should  be  followed  whenever  applicable,  noting  that  site-specific  conditions  or  project-specific 
work  plans  may  require  adjustments  in  methodology. 

3.0  REQUIREMENTS 

Generally,  wells  should  be  sampled  within  three  hours  of  purging.  However,  wells  with 
poor  recharge  should  be  sampled  within  24  hours  of  purging.  Poor  recharge  wells  are  those 
that  cannot  recharge  80%  of  the  original  volume  within  8  hours. 

^plicable  preservatives  must  be  added  to  the  sample  containers  before  receiving  the 
samples.  All  sampling  equipment  must  be  decontaminated  in  accordance  with  Field 

Procedure  FP  3-1,  Decontamiiation  of  Sampling  Equipment,  before  commencement  of 

sampling. 

4.0  REFERENCES 

4.1  .ASTM,  1986.  Annual  Book  ofASTM  Standards,  Section  11.  Volume  11,04,  D4448-85A. 

4.2  Barcelona,  MJ.,  J.P.  Gibb  and  RA.  Miller,  1983.  A  Guide  to  the  Selection  of  Materials 
for  Morutoring  WeU  Construction  and  Groundwater  Sampling,  ISWS  Contract  Repon  327, 
Illinois  State  Water  Survey,  rharripaign  il. 

4  J  Johnson  Division,  UOP,  Inc.  1975.  Ground  Water  and  Wells,  A  Reference  Book  for  the 
Water  Well  Industry.  Johnson  Division,  UOP,  Inc.,  Saint  Paul,  MN. 
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4.4  Nielson,  D.M.  and  G.L.  Yeates,  1985.  A  Comparison  of  Sampling  Mechanisms  Available 
for  Small-Diameter  Ground  Water  Monitoring  Wells.  Ground  Water  Monitoring  Review  5:38- 
98. 

4.5  Scalf,  M.R.,  J.F.  McNabb,  WJ.  Dunlapp,  R.L  Crosby  and  J.  Fryberger.  1981.  Manual 
of  Ground  Water  Sampling  Procedures.  R.S.  Kerr  Environmental  Research  Laboratory,  Office 
of  Research  and  Development,  USEPA,  Ada,  OK. 

4.6  Quality  Corarol  Requirements  for  Field  Methods.  j 

4.7  USEPA,  1980.  Procedures  Manual  for  Ground  Water  Monitoring  at  Solid  Waste  Disposal  ' 

Facilities.  Office  of  Solid  Waste,  United  States  Environmental  Protection  Agency,  ' 
Washington,  D.C.  > 

4.8  USEPA,  1986.  Test  Methods  for  Evaluating  Solid  Waste,  Physical/Chemical  Methods, 
EPASW.846. 

4.9  USEPA,  1987.  Ground  Water  Handbook,  EPA/625/6-87/016. 

4.10  USEPA,  1987.  A  Compendium  of  Superfund  Field  Operations  Methods,  EPA/540/P-  ) 

87/001. 

5.0  DEHNinONS  j 

None.  '  I 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

Responsible  for  reviewing  the  sampling  procedures  used  by  the  field  crew  and  for 
performing  in-field  spot  checks  for  proper  sampling  procedures.  ' 

62  Site  Hydrogeologist  or  Geochemist 

Responsible  for  selecting  and  detailing  the  specific  ground-water  sampling  techniques 
and  equipment  to  be  used,  documenting  these  in  the  project-specific  Work  Plan,  and  properly 
briefing  the  site  personnel.  ! 

6J  Site  Geologist  V 

The  Site  Geologist  is  primarily  responsible  for  the  proper  acquisition  of  the  ground-  j 

water  samples.  When  appropriate,  such  responsibilities  may  be  performed  by  other  qualified  I 
personnel  (engineers,  field  technicians).  | 

7.0  EQUIPMENT  j 

Sample  containers  shall  conform  with  EPA  regulations  for  preservation  of  appropriate 
contaminants  (see  Procedure  FP  6-7).  I 
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Ideally,  sample  withdrawal  equipment  should  be  completely  inert,  economical,  easily 
decontaminated,  easily  sterilized,  reusable,  able  to  operate  at  remote  sites  in  the  absence  of 
power  sources,  and  capable  of  delivering  variable  rates  for  well  flushing  and  sample  collection. 

The  sample  withdrawal  equipment  (evacuation  devices)  most  commonly  used  are  discussed  in 
Section  8.3.2  of  this  procedure. 

7.1  Sample  Packing  and  Shipping  Equipment. 

7.2  Coolers  for  sample  shipping  and  cooling. 

7J  Chemical  preservatives. 

7.4  Appropriate  packing  cartons  and  filler. 

7.5  Labels. 

7.6  Chain-of-custody  documents. 

7.7  Thermometer. 

7.8  pH  meter/paper. 

IS  Dissolved  oxygen  meter. 

7.10  Portable  HNu  or  OVA  photoionization  detector. 

7.11  Specific-conductivity  meter. 

7.12  Camera  and  film 

7.13  Appropriate  keys  (for  locked  wells). 

7.14  Tape  measure. 

7.15  Pipe  wrenches. 

7.16  Water-level  indicator. 

7.17  Row  meter. 

7.18  Sample  gloves. 

7.19  Field  sampling  log  books. 

720  BZnife. 

721  Sample  table  and  plastic  cover. 

722  Plastic  trash  bags. 

723  Indelible  pen. 

724  Pen,  black,  permanent  ink. 

725  Shallow-weU  pumps:  centrifugal,  pitcher,  suction,  or  peristaltic  pumps  with  droplines, 
air-lift  apparatus  (compressor  and  tubing)  where  applicable 

726  Deep-well  pumps:  submersible  pump  and  electrical  power  generating  unit,  bladder 
pump  with  compressed  air  source,  or  air-lift  apparatus  where  applicable 
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121  Sample  tubing  such  as  Teflon,  polyethylene,  polypropylene,  or  PVC  Tubing  type  shall 

be  seleaed  based  on  specific  site  requirements  and  must  be  chemically  inert  to  ground  water 
being  sampled 

728  Teflon,  PVC,  or  stainless  steel: 

Teflon-Boated  wire,  stainless  steel  single  strand  wire,  polypropylene 
monofilament  line,  or  one-quarter  inch  nylon  rope 

.  tripod-pulley  assemble  (if  necessary) 

129  Pails: 

.  Plastic,  graduated 

730  Decontamination  Solutions: 

Srohol^  Alconox  or  Liquinox,  methanol,  acetone,  or  isopropyl 

8.0  PROCEDURE 
8.1  General 

To  be  useful  and  accurate,  a  ground-water  sample  must  be  representative  of  the 
particular  saturated  zone  of  the  substrata  being  sampled.  The  physical,  chemical  and 
bacteriological  integrity  of  the  sample  must  be  maintained  from  the  rimpi  of  sampling  to  the 
time  of  testing  in  order  to  keep  any  changes  in  water  quality  parameters  to  a  minimum. 

The  ground-water  sampling  program  should  be  developed  with  reference  to  ASTM 
D4448-85A,  Standard  Guide  for  Sampling  Ground  Water  Monitoring  Wells.  The  ASTM  guide 
is  not  intended  as  a  monitoring  plan  or  procedure  for  a  specific  application,  but  rather  is  a 
review  of  methods.  Specific  methods  must  be  stated  in  the  project-specific  Work  Plan. 

Methods  for  withdrawing  samples  from  completed  wells  include  the  use  of  pumps, 
compressed  air,  and  various  types  of  samplers  such  as  bailers.  The  primary  considerations  in 
obtammg  a  representative  sample  of  the  ground  water  are  to  avoid  collection  of  stagnant 
(standing)  water  in  the  well,  and  to  avoid  physical  or  chemical  alteration  of  the  water  due  to 
sampling  techniques.  In  a  non-pumping  weU,  there  will  be  little  or  no  vertical  mixing  of  water 
in  the  weU  pipe  or  casing.  Stratification  may  occur.  The  weU  water  in  the  so-eened  seaion 
will  mix  with  the  ground  water  due  to  normal  flow  patterns,  but  the  well  water  above  the 
screened  section  will  remain  isolated  and  become  stagnant.  To  safeguard  against  collecting 
non-representative  stagnant  water  in  a  sample,  the  following  approach  should  be  followed 
during  sample  withdrawal: 
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1.  All  monitoring  wells  shall  be  pumped  or  bailed  prior  to  withdrawing  a 
sample.  Evacuation  of  three  to  five  volumes  is  recommended  for  a 
representative  sample.  In  a  high-yielding  ground-water  formation  and 
where  there  is  no  stagnant  water  in  the  well  above  the  screened  section, 
evacuation  prior  to  sample  withdrawal  is  not  as  critical. 

2.  For  wells  that  can  be  pumped  or  bailed  to  dryness  with  the  sampling 
eqmpment  being  used,  the  wells  should  be  evacuated  and  allowed  to 
rerover  pnor  to  sample  withdrawal.  If  the  recovery  rate  is  fairly  rapid 
and  time  allows,  evacuation  of  more  than  one  volume  of  water  is 
preferred. 

3.  For  high-yielding  monitoring  wells  which  cannot  be  evacuated  to  dryness, 
there  is  no  absolute  safeguard  against  contaminating  the  sample  with 
stagnant  water.  One  of  the  following  techniques  shall  be  used  to 
minimize  this  possibility: 

a.  "^e  idet  line  of  the  sampling  pump  should  be  placed  just  below 
the  surface  of  the  well  water  and  three  to  five  casing  volumes  of 
water  pimped  from  the  well  at  a  rate  equal  to  the  well’s  recovery 
rate.  This  provides  reasonable  assurance  that  all  stagnant  water 
has  been  evacuated.  The  sample  can  then  be  collected  directly 
from  the  pump  discharge  line,  or  a  bailer  can  be  used  to  collect 
the  sample. 

b.  Tlie  inlet  line  of  Ae  sampling  pump  (or  the  submersible  pump 
iteelf)  should  be  placed  near  the  bottom  of  the  screened  section. 
Appro^ately  one  casing  volume  of  water  should  be  pumped 
from  the  well  at  a  rate  equal  to  the  well’s  recovery  rate.  The 
sample  should  then  be  collected  directly  from  the  discharge  line. 

Stratification  of  contaminants  may  exist  in  the  aquifer  formation,  either  in  terms  of 
concentration  gradients  as  a  result  of  mixing  and  dispersion  processes  in  a  homogeneous  layer, 
or  due  to  layers  of  variable  permeability  into  which  a  greater  or  lesser  amount  of  the 
contaminant  plume  has  flowed.  Excessive  pumping  can  dilute  or  increase  the  contaminant 
concentrations  in  the  recovered  sample  compared  to  what  is  representative  of  the  integrated 
water  column  at  that  point  This  can  result  in  the  collection  of  a  non-representative  sample. 
Water  produced  during  purging  shall  be  collected,  stored  or  treated  and  discharged  as  allowed. 

Disposition  of  purge  water  is  usuaUy  project-specific  and  must  be  addressed  in  the  project- 
specific  Work  Plan. 

Calculations  of  Well  Volume 

To  ensure  that  the  proper  volume  of  water  has  been  removed  from  the  well  prior  to 
sampling,  it  is  first  necessary  to  determine  the  volume  of  standing  water  in  the  well  racing  and 
the  volume  of  water  in  the  filter  pack  below  the  well  seal  The  volume  can  be  easily  calculated 
by  the  following  method.  Calculations  should  be  entered  into  the  field  logbook: 
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1.  Obtain  all  available  information  on  well  construction  (location,  casing, 
screens,  etc,). 


2.  Determine  well  or  casing  and  borehole  diameter. 

3.  Measure  and  record  static  water  level  (depth  below  ground  level  or  top  of 
casing  reference  point),  using  one  of  the  methods  described  in  Field 
Procedure  FP  7-2,  Water  Level  Measurement. 

4.  Determine  depth  of  well  (if  not  known  from  past  records)  by  sounding, 
using  a  clean,  decontaminated,  weighted  tape  measure. 

5.  Calculate  number  of  linear  feet  of  static  water  (total  depth  or  length  of 
well  casing  minus  the  depth  to  static  water  level). 

6.  Calculate  the  volume  of  water  in  the  casing  and  the  volume  of  water  in 
the  filter  pack. 

Vc  =  (7r)(di/2)2(TD-H) 

Vf  =  (ir)[(dH/2)2-(do/2)2](TD-[S  or  H])(P) 

If  S>Huse  S,  if  S<H  use  H 

Vt  =  (Vc+ Vf)(7.48  gal/ft^) 

Where, 

Vc  » 

Vf  = 

Vt 
di 

do  = 

dH  = 

TD 
H 
S 
P 


JT  = 

7.  Determine 
sampling. 

Evacuation  of  Static  Water  (Pui^ng) 

8J.1  General 

The  amount  of  flushing  a  well  should  receive  prior  to  sample  collection  will  depend  on 
the  intent  of  the  monitoring  program  and  the  hydrogeologic  conditions.  Programs  to 
determine  overall  quality  of  water  resources  may  require  extended  pumping  periods  to  obtain 


Volume  of  water  in  casing,  ft^ 

Volume  of  water  in  filter  pack,  ft^ 

Total  volume,  gal 

inside  diameter  of  casing,  ft 

outside  of  diameter  of  casing,  ft 

diameter  of  borehole,  ft 

total  depth  of  well,  ft 

depth  to  water,  ft,  from  ground  surface 

depth  to  base  of  seal,  ft,  from  ground  surface 

estimated  porosity  of  filter  pack  (for  most  Ottawa,  Morie 

#1  sand  or  glass  beads  this  value  is  estimated  at  a  range  of 

30  to  35%) 

pi,  a  constant  =  3.14 

the  minimum  number  of  volumes  to  be  evacuated  before 
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For  defining  a  contaminant  plume,  a  representative  sample  of  only  a  small  volume  of 
the  aquifer  is  required.  These  circumstances  require  that  the  well  be  pumped  sufficiently  to 
remove  the  stagnant  water  but  not  long  enough  to  induce  significant  ground-water 

An  alternative  method  of  purging  a  well  is  to  pump  continuously  (usually  using  a  low- 

volume,  iow-flow  pump)  while  monitoring  specific  conductance,  pH,  and  water  temperature 
until  the  values  stabilize. 

The  site  hydrogeologist,  geochemist  and  risk  assessment  personnel  must  define  the 
objeaives  of  the  ground-water  sampling  program  in  the  project-specific  Work  Plan,  and 
provide  appropriate  catena  and  guidance  to  the  sampling  personnel  on  the  proper  methods 
and  volumes  of  well  purging.  Procedures  for  well  purging  are  documented  in  Field  Procedures 
FP  5-5,  Well  Purging  -  Bailing  Method,  and  FP  5-6  Well  Purging  -  Pumping  Method. 

8 JJ2  Evacuation  Devices 

The  foUowing  discussion  is  limited  to  those  devices  which  are  commonly  used  for 
sampling  at  hazardous  waste  sites. 

Bailers  are  the  most  simple  evacuation  devices  used  and  have  many  advantages.  They 
generally  consist  of  a  length  of  pipe  with  either  a  ball  check-valve  at  the  bottom  (most 
preferred),  or  the  bucket-type  bailer,  which  has  a  sealed  bottom.  An  inen  line  (e.g..  Teflon- 
coated)  is  used  to  lower  the  bailer  and  retrieve  the  sample. 

Advantages  of  bailers  include: 

Few  limitations  on  size  and  materials  used  for  bailers 

.  No  external  power  source  needed 


Bmlers  are  ineroensive,  and  can  be  dedicated  (secured  in  the  well 
S^Snati^^  collections)  to  reduce  the '  chances  of  crS 


^ere  is  minimal  outgassing  of  volatile  organics  while  the  sample  is  in 


Bailers  are  relatively  easy  to  decontaminate 
Limitations  on  the  use  of  bailers  include  the  following: 

•  Removal  of  stagnant  water  is  time  consuming. 

•  Transfer  of  sample  may  cause  aeration 

^  f  “  dem^ding,  especially  in  warm  temperatures 

at  protection  levels  above  Level  D.  ^ 
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Suction  Pumps  -  There  are  many  different  types  if  inexpensive  suction  pumps  including: 
centrifugal,  diaphragm,  peristaltic,  and  pitcher  pumps.  Centrifugal  and  diaphragm  pumps  may 
be  used  for  well  evacuation  at  both  a  fast  pumping  rate  and  low  pumping  rate.  The  peristaltic 
pump  is  a  low  volume  pump  (therefore  not  suitable  for  well  purging)  that  creates  a  suction  by 
using  rollers  to  squeeze  a  flexible  tubing.  This  tubing  can  be  dedicated  to  a  well  to  prevent 
cross  contamination.  The  pitcher  pump  is  a  common  farm  hand-pump. 

These  pumps  are  all  portable,  inexpensive  and  readily  available.  However,  because 
they  are  based  on  suction,  their  use  is  restricted  to  areas  with  water  levels  within  20  to  25  ft  of 
the  ground  surface.  Another  significant  limitation  is  that  the  vacuum  created  by  these  pumps 
can  cause  significant  loss  of  dissolved  gases  and  volatile  organics.  In  addition,  the  complex 
internal  components  of  these  pumps  may  be  difficult  to  decontaminate. 

Gas-Lift  Samplers 

This  group  of  samplers  use  gas  pressure  either  in  the  annulus  of  the  well  or  in  a  venturi 
to  force  the  water  through  a  sampling  tube.  The  pumps  are  also  relatively  inexpensive.  Gas 
lift  pumps  are  more  suitable  for  well  development  than  for  sampling,  because  the  samples  may 
be  aerated,  leading  to  pH  changes  and  subsequent  trace  metal  precipitation  or  loss  of  volatile 
organics.  An  inen  gas  such  as  nitrogen  is  generally  used. 

Submersible  Pumps 

The  operating  principles  of  submersible  pumps  vary  widely.  The  displacement  of  the 
sample  may  be  achieved  by  an  inflatable  bladder,  sliding  piston,  gas  bubble,  or  impeller.  The 
power  sources  of  these  pumps  maybe  compressed  gas  or  electricity.  Pumps  are  available  for  2- 

inch  diameter  wells  and  larger.  These  pumps  can  lift  water  from  considerable  depths  (several 
hundred  feet). 

Limitations  of  this  class  of  pumps : 

They  may  have  low  delivery  rates 

.  Many  models  are  expensive 

.  Compressed  gas  or  electric  power  is  required 

Sediment  in  water  may  cause  clogging  of  the  valves  or  abrading  of  the 
impellers  ® 

.  Decontamination  of  internal  components  is  difficult  and  time-consuming 
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$.4  Sampling 

The  sampling  approach  consisting  of  the  following,  should  be  developed  as  part  of  the 
project-specific  Work  Plan  prior  to  the  field  work: 

1.  Background  and  objectives  of  sampling. 

2.  Brief  description  of  area  and  waste  characterization. 

3.  Identification  of  sampling  locations,  with  map  or  sketch,  and  applicable 
well  construction  data  (well  size,  depth,  screened  interval,  reference 
elevation). 

4.  Sampling  equipment  to  be  used. 

5.  ^igned  number,  sequence  volumes,  and  types  of  samples.  If  the  relative 
degrees  of  contamination  between  wells  is  unknown  or  insignificant,  a 
sapling  sequence  which  facilitates  sampling  logistics  may  be  followed. 

Where  some  wells  are  known  or  strongly  suspected  of  being  highlv 
contaminated,  these  should  be  sampled  last  to  reduce  the  risk  of  cross¬ 
contamination  between  wells  as  a  result  of  the  sampling  procedures. 

6.  Sample  preservation  requirements. 

7.  Working  schedule. 

8.  List  of  team  members. 

9.  List  of  observers  and  contacts. 

10.  Other  information,  such  as  the  necessity  for  a  warrant  or  permission  of 
entry,  requirement  for  split  samples,  access  problems,  location  of  keys. 


8.42  Sampling  Methods 

The  collection  of  a  ground-water  sample  is  made  up  of  the  following  steps. 

1.  Set  up  ±e  sample  table  adjacent  to  the  well  and  cover  the  table  top  with 
clear  sheet  plastic  to  minimize  contamination  of  the  table.  Tape  the 
plasuc  onto  the  table  and  record  the  sample  location,  site,  anticipated 
sample  time,  and  field  sample  number  onto  the  plastic  using  a  indelible 
pern  Fill  out  sample  labels  for  each  of  the  required  sample  containers 
and  place  labels  onto  the  appropriate  sample  containers.  Labels- must  be 
waterproof  to  prevent  water  damage.  The  following  information  must  be 
mcluded  on  the  sample  label: 

.  site  name; 

•  field  identification  or  sample  station  number; 

.  date  and  time  of  sample  collection; 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 


.  designation  of  the  sample  as  grab  or  composite; 

Ktion-^^^^^  (inatrix)  and  a  brief  description  of  the  sampling. 

•  printed  full  name  of  the  sampler- 
.  sample  preservative  used;  and 

types  of  analyses  to  be  performed. 

K  a  sainple  is  split  with  another  party,  sample  labels  with  identical 
intormation  should  be  attached  to  each  of  the  sample  containers. 

Position  Ae  labeled  sample  containers  and  required  trip  blanks,  on  the 
sample  table  so  that  the  sampling  information  on  the  plastic  is  legible  and 
take  a  photograph  of  the  sampling  setup. 

Health  and  S^ety  Officer  or  designee  will  open  the  well  cap  and  use 
volatile  orgamc  deteoion  equipment  (HNU  or  OVA)  to  monitor  the 

prSecSom^*^  determine  the  need  for  respiratory 

protection  has  been  selected  and  outfitted, 
to^  depth  and  water  level  (using  decontaminated 
equipment)  md  record  these  data  m  the  field  notebook.  Calculate  the 
fluid  volume  m  the  well  according  to  Section  8.2. 

Ca^ate  depth  from  the  casing  top  to  the  midpoint  of  the  screen  or  well 
section  open  to  the  aquifer.  Any  dry  wells  encountered  must  be  noted. 

Select  appropriate  purging  equipment.  If  an  electric  submersible  pump 
with  packer  is  chosen,  go  to  Step  11.  ^  ^ 

Ix)wer  purging  eqmpment  or  intake  into  the  well  to  a  short  distance 
below  the  water  level  and  begin  water  removal.  If  resistance  is 
encountered  when  lowenng  the  device  into  the  well,  withdraw  the  device 
from  the  well  and  ^orm  the  Field  Operations  Leader  or  use  a  smaller 
^meter  deince.  P^ge  the  well  following  the  appropriate  procedure 

^  P““P  “take  to  midscreen  or 

the  mddle  of  the  open  section  m  uncased  wells  and  collect  the  sample.  If 
^plmg  with  a  bafler  lower  the  bailer  to  sampling  level  before  fiUing 
reomres  of  a  bailer  other  than  the  "bucket-type").  Purged  water 
should  be  collected  m  a  designated  container  and  disposed  of  in  an 
acceptable  manner  according  to  the  projea-specific  Work  Plan. 

P^PP  2nd  packer  assemble  only).  Lower  assembly  into  well  so  that 
packer  is  positioned  just  above  the  screen  or  open  section,  and  inflate. 
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Purge  a  volume  equal  to  at  least  twice  the  screened  interval  or 
unsaeened  open  section  volume  below  the  packer  before  sampling. 
Packers  should  always  be  tested  in  a  casing  section  above  ground  to 
determine  proper  inflation  pressures  for  adequate  sealing. 

10.  In  the  event  that  recovery  time  of  the  well  is  very  slow  (e.g.,  24  hours), 
sample  collection  may  be  delayed  until  the  following  day.  If  the  well  has 
been  bailed  early  in  the  morning,  sufficient  water  may  be  standing  in  the 
well  by  the  day’s  end  to  permit  sample  colleaion.  If  the  well  is  incapable 
of  producing  a  sufficient  volume  of  sample  at  any  time,  take  the  largest 
quantity  available  and  record  in  the  logbook. 


11.  To  ensure  that  ground-water  samples  are  representative  of  actual 
conditions,  samplers  must  work  efficiently  to  minimize  the  loss  of  ground- 
water  contaminants  and  the  introduction  of  foreign  contaminants.  To 
prevent  contamination  of  samples,  the  sample  bottles  should  be  opened 
only  when  receiving  sample  preservatives  or  ground-water  samples  and 
closed  immediately  afterwards.  To  prevent  introduction  of  foreign 
contaminants  into  the  well,  sample  bottles  should  be  held  away  from  the 
well  opening  when  receiving  samples  and  the  bailing  rope  should  not  be 
allowed  to  touch  the  ground,  or  other  potentially  contaminating  objects. 

The  sainpler  should  quickly  add  the  sample  into  the  sample  containers, 
while  minimizing  aeration  and  loss  of  volatile  contaminants.  Samples 
collected  for  analysis  of  volatile  constituents  will  be  collected  first, 
followed  by  samples  collected  for  analysis  of  total  organic  carbon  (TOC), 
total  organic  halogens  (TOX),  and  those  constituents  which  require  field 
ffltration  or  field  determination  after  collection  of  volatile  organics. 
Water  from  each  bailer  extraction  from  the  well  will  be  divided  among 
toe  remaining  sample  bottles.  For  analysis  that  requires  filtered  samples. 
It  IS  preferred  that  toe  samples  be  allowed  to  settle  in  a  separate  sample 
container,  followed  by  decanting  and  then  filtration.  Consult  toe  spet^c 
analytical  procedure  for  details.  Large  volume  samples  for  extractable 
organic  compounds,  total  metals,  etc.,  should  be  collected  last 

When  a  sample  bottle  is  filled,  toe  bottle  must  be  tightly  capped  as  soon 
as  possible. 

12.  Efficiency  and  care  must  be  utilized  to  obtain  representative  samples  for 
volatile  organic  analysis.  Unnecessary  delays  or  poor  sampling  technique 
will  lead  to  loss  of  toe  volatile  constituents  from  toe  sample. 

Add  toe  required  preservatives  to  toe  sample  containers  within  12  hours 
of  collecting  toe  sample,  label  all  containers  and  stage  toe  collection 
setup  before  collecting  toe  sample  to  minimize  sampling  time.  If 
poMible,  collect  samples  using  either  a  Teflon  or  stainless  steel  bottom 
filling  bailer  m  accordance  with  Section  83.2.  Prevent  unnecessary 
Stripping  of  volatile  constituents  from  the  sample  by  minimizing 
turbulence  and  aeration  when  filling  toe  sample  container.  Quickly  fill 
toe  sample  container  until  a  positive  meniscus  is  achieved  above  the  rim 
of  toe  container  and  cap  toe  container  immediately.  Gently  tap  toe 
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sample  container  to  dislodge  any  air  bubbles  and  verify  that  no  bubbles 
are  present.  If  bubbles  are  detected,  immediately  uncap  the  sample,  add 
additional  s^ple  from  the  bailer  until  a  positive  meniscus  is  re¬ 
established,  immediately  recap  the  sample  and  check  the  sample  for 
bubbles.  Repeat  this  step  until  the  sample  contains  no  bubbles  and  all 
required  samples  are  obtained. 


13.  After  sampling,  replace  the  well  cap. 


14. 


15. 

16. 


^  soon  as  all  samples  are  collected,  promptly  prepare  the  samples  for 
smprnent  m  accordance  with  Field  Procedure  FP  6-7,  Packaging  and 
bniprnent  of  Field  Samples,  and  store  the  samples  collected  for  volatile 
org^c  Malysis  in  a  cooler  with  prepackaged  ice.  Attach  a  custody  seal 
to  the  shipping  package  as  described  in  Field  Procedure  FP  6-7.  Make 
sure  that  traffic  reports  and  chain-of-custody  forms  are  properly  filled  out 
and  enclosed  or  attached  (see  Field  Procedure  FP  6-7). 


Record  all  sampling  information  in  the  Field  Sampling  Log  Book. 
Decontaminate  all  equipment. 


8.4  J  Sample  Containers 

For  most  samples  and  analytical  parameters,  either  glass  or  plastic  containers  are 
satisfactory.  Field  Procedure  FP  6-7,  Packaging  and  Shipment  of  Field  Samples,  describes  the 
required  sampling  containers  for  various  analytes  at  various  concentrations. 

8.4.4  Preservation  of  Samples  and  Sample  Volume  Requirements 

Sample  preservation  techniques  and  volume  requirements  depend  on  the  type  and 
concentration  of  the  contaminant  and  on  the  type  of  analysis  to  be  performed.  Field 
Procedure  FP  6-7  describes  the  sample  preservation  and  volume  requirements  for  most  of  the 
chemicals  that  will  be  encountered  during  hazardous  waste  site  investigations. 

8.4.5  Field  Filtration 

In  general,  preparation  and  preservation  of  water  samples  include  some  form  of 
filtration.  All  filtration  must  occur  in  the  field  immediately  upon  collection.  The 
recommended  method  is  through  the  use  of  a  disposable  in-line  filtration  module  (0.45  micron 
filter)  using  the  pressure  provided  by  the  pumping  device  for  its  operation.  Filters  must  be 
prerinsed  with  organic-free  water. 

Samples  for  organic  analyses  must  never  be  filtered. 

8.4.6  Handling  and  Transporting  Samples 

After  collection,  samples  should  be  handled  as  little  as  possible.  It  is  preferable  to  use 
self-contained  "chemical"  ice  (e.g.,  "blue  ice"  to  reduce  the  risk  of  contamination.  If  natural  ice 
IS  used,  it  should  be  bagged  and  steps  taken  to  ensure  that  the  melted  ice  does  not  cause 
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sample  containers  to  be  submerged  and  thus  the  possibility  of  cross-contaminated.  All  sample 
containers  should  be  enclosed  in  plastic  bags  or  cans  to  prevent  cross-contamination  (see  Field 
Procedure  FP  6-7).  Samples  should  be  secured  in  the  ice  chest  to  prevent  movement  of  sample 

containers  and  possible  breakage.  Sample  packing  and  transponation  requirements  are 
described  in  Field  Procedure  FP  6-7. 

8.4.7  Sample  Holding  Times 

Holdmg  times  (i.e.,  allowed  time  between  sample  coUection  and  analysis  for  routine 
samples  are  given  in  Field  Procedure  FP  6-7. 

8.S  Records 


Records  will  be  maintained  for  each  sample  that  is  taken.  The  ground-water  sampling 
form  (Attachment  9.1)  will  be  used  to  record  the  following  information: 

^oca^io°»  projea  number;  sample 

sTple“T?de'^^^^^ 

•  Sample  source  and  source  description. 

■  screening; 

’  •  (^g-*  sampled  in  conjunction  with  state,  county 

8.6  Chain-of-Custody 

Proper  chain-of<ustody  procedures  play  a  crucial  role  in  data  gathering. 
Procedure  FP  6-7  describes  the  requirements  for  a  correct  chain-of-custody. 

9.0  ATTACHMENTS 
9.1  -  Ground-Water  Sampling  Form 


Field 
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3.  GROUNDWATER  SAMPLING  FORM 


1. 

2. 

3. 

4. 

5. 


6. 


7. 

8. 

9. 

iO, 


II. 


12. 


13. 


14. 


15. 


16. 


17. 


Date/Time 
Location 
Well  No. 


Sample  No. 


Total  Depth  _ _ 

Depth  to  Screen/Length(s )  ___ 
[Y  or  N]  Well  Secure?  Comments 


Sketch  on  Back  [Y  or  N] 

Number  of  Screened  IntervaT(sT 


Sampler 


Other  present 


Reading  _ 

Air  Temperature 


Organic  Vapor  Detector  FEL  No.  _ 

Weather:  Wind  _ ,  Precipitation 

Water  Level  Measurement:  FEL  No. 

[Y  or  N]  Well  Labeled  _ ,  Elev.  Ref.  For  Water  Level 

Comments 

Odor  - - - 


1st 


Depth  to  Product  Depth  to  Interface/Water 


Thickness 


Casing  Type  _ ,  i.D.  _ _ ,  Gal/Ft. 

(Show  derivation  for  gal/ft  of  casing) 


Total  Depth  -  Depth  to  Water  a  Ht 

Well  Volume  _  -  Ht.  _  *  Ga'l/Ft. 

Required  Purge  Volume  _ .  Actual  Purge 


FEL  No.  's  Cond.  _  pH  _  Temp. 


Redox 


Cond.  Hmhos/cm  pH 

Initial 


Temp. 


Redox  mv 


(Purged 

cycle) 


Sample 


Sample  Type  and  FEL  No.  _ 

18.  [Y  or  N]  Turbid  _ ,  Purge  Water  Containerized 

19.  Sample  Filtered  _ Filter  Size 

20.  Reviewed  By  ....  _  Date/fllS;  ^ 

Form  Complete?  [Y  or  N] 

Decon  Complete?  (Y  or  N]  _ 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  define  the  requirements  necessary  for  the  grain-size 
analysts  of  soils.  The  analysis  of  grain-size  provides  a  quantitative  measure  of  a  soils  grain-size 
distribution.  Grain-size  distribution  is  an  important  factor  influencing  a  soils  permeability, 
porosity,  and  the  migration  of  ground  water  through  an  aquifer. 

2.0  SCOPE 

This  procedure  applies  to  the  grain-size  analysis  of  primarily  sand  and  mud.  The 
specific  procedures  include  sieve  and  hydrometer  analysis. 

3.0  REQUIREMENTS 

All  grain-size  analysis  involve  indirect  methods  of  measuring  size  and  are  biased  by  the 
variable  of  shape  (i.e.,  the  length  of  the  intermediate  axis  determines  which  grains  pass 
through  a  sieve  mesh)  and  in  settling-tube  analyses,  by  panicle  density  as  well.  Consequently, 
care  must  be  taken  to  compare  only  samples  that  do  not  differ  markedly  in  grain  shape  and 
composition,  and  to  ensure  that  disaggregation  is  complete. 

4.0  REFERENCES 

4.1  Lewis,  D.  W.,  1984.  Practical  Sedimentology.  Hutchinson  Ross  Publishing  Company, 
pp  85-106. 

«  Sandeis,  J.E,  and  Friedman,  G.  M.,  1978.  Pmciples  of  Sedimentologf.  John  Wiley  and 
Sons,  792  p. 

43  Standard  Method  for  Particle-Size  Analysis  of  Soils,  ASTM  Method  0-422-63,  pp  116- 
126. 

5.0  DEFINITIONS 

Grain-Size  -  A  term  relating  to  the  size  of  mineral  panicles  that  make  up  a  rock  or 
sediment. 

Hydrometer  -  A  tubular  device  made  of  glass  with  the  lower  end  weighted,  graduated  in 
speafic  gravity,  degrees  API  or  other  units,  designed  to  determine  the  gravity  of  liquids  by  the 
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depth  to  which  the  hydrometer  sinks  when  immersed. 

6.0  RESPONSIBILITIES 

6.1  Project  Manager 

The  Project  Manager  is  responsible  for  ensuring  these  procedures  are  included  or 
referenced  in  the  projea-specific  Work  Plan. 

62  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  training  the  sampling  technicians. 

63  Field  Technicians 

The  Field  Technicians  are  responsible  for  conducting  the  actual  grain-size  analysis. 

7.0  EQUIPMENT 

7.1  Balances  -  A  balance  sensitive  to  0.0 Ig  for  weighing  the  material  passing  a  No.  10  ( 
2.00-nim)  sieve,  and  a  balance  sensitive  to  0.1%  of  the  mass  of  the  sample  to  be  weighed  for 
weighing  the  material  retained  in  a  No.  10  sieve. 

7.2  Stirring  Apparatus  -  Either  a  mechanically  operated  stirring  device  or  air-jet  dispersion 
cups. 

73  Hydrometer  -  An  ASTM  hydrometer,  graduated  to  read  in  either  specific  gravity  of 
suspension  or  grams  per  liter  of  suspension. 

7.4  Sedimentation  Cylinder  -  Essentially  a  glass  1000  ml  graduated  cylinder,  approximately 
18  in.  in  height  and  2-1/2  in.  in  diameter. 

7.5  Thermometer  -  accurate  to  1  *  F. 

7.6  Sieves  -  It  is  best  to  obtain  a  full  range  of  sieves  when  analyzing  for  a  varied  range  of 
grain-sizes.  Generally  brass  screens  are  used,  however  stainless  steel  screens  are  available. 
Common  screen  sizes  used: 

3  in.  (75  mm) 

2  in.  (50  mm) 

1-1/2  in  (37.5  mm) 

3/4  in.  (19.0  mm) 

3/8  in.  (93  mm) 

No.  4  (4.75  mm) 

No.  10  (2.00  mm) 

No.  20  (850  urn) 

No.  40  (425  um) 

No.  60  (250  um) 

No.  140  (106  um) 
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No.  200  (75  urn) 

7.7  Water  Bath  or  Constant  Temperature  Room  -  Needed  to  maintain  soil  suspension  at  a 
constant  temperature  during  hydrometer  analysis  <Temp.  68  -  70  F> 

7.8  250  ml  Beaker 

7.9  Timing  Device  -  Stop  watch  or  clock/watch  with  a  sweep  second  hand. 

7.10  Dispersing  Agent  -  Calgon,  used  for  dispensing  clays. 

7.11  Distilled  or  deionized  Water 

7.12  Oven  -  Used  for  drying  samples. 

7.13  Mechanical  Shaker  (Optional)  -  Used  in  sieve  analysis  for  shaking  sediments  through 
screens. 

7.14  Mortar  and  Pestle  -  Used  for  disaggregating  the  sample. 

7.15  Field  Logbook 

7.16  Mason  Jars  -  For  sample  collection. 

7.17  Wash  Bottle 

7.18  Hand  Lense  or  Bionuclear  Microscope  -  Useful  for  noting  grain-shape  attributes 
(roundness  and  angularity). 

7 . 19  Deionized  Water/Distilled  Water 

8.0  PROCEDURE 

8.1  Sample  Collection 

Choose  samples  to  represent  different  lithologies  encountered  during  drilling. 

To  give  statistically  meaningful  results,  sample  size  should  be  large  relative  to 
the  largest  particle  size  present. 

Place  samples  in  mason  jars  and  label  with  monitoring  well  identification  code, 
date,  sample  number,  technician,  and  sample  interval. 

Thoroughly  mix  samples  before  subsampling.  Subsample  size  should  be  large 
relative  to  particle  size. 

8.2  Sample  Analysis 

Analysis  of  grain-size  samples  will  be  done  in  general  accordance  with  ASTM  Method 
D-422.  Designation  422  covers  the  cjuantitative  determination  of  the  distribution  of  particle 
sizes  in  soils,  using  sieving  and  hydrometer  techniques  (see  Attachment  9.1). 

9.0  ATTACHMENTS 

9.1  ASTM  Procedures  for  Sieve  and  Hydrometer  Analysis. 

9.2  Data  Sheet  for  Sieve  Analysis. 

93  Graph  Paper  for  Plotting  Grain-Size  as  a  Histogram. 
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9.4  Arithmetic  Paper  for  Plotting  Grain-Size  Distributions. 

9.5  Probability  Paper  for  Plotting  Grain-Size  Distributions. 
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ASTM  PROCEDURES  FOR  PARTICLE  SIZE  ANALYSIS 


4.  DISPERSING  AGENT 

4.1  A  solution  of  sodium  hexametaphosphate  (calgon)  shall  be  used  in  distilled  or 
demineralized  water,  at  the  rate  of  40  g  of  sodium  hexametaphosphate/litre  of  solution 
(Note  7). 

NOTE  7  -  Solutions  of  this  salt,  if  acidic,  slowly  revert  or  hydrolyze  back  to  the 
orthophosphate  form  with  a  resultant  decrease  in  dispersive  action.  Solutions  should  be 
prepared  frequently  (at  least  once  a  month)  or  adjusted  to  pH  of  8  or  9  by  means  of  sodium 
carbonate.  Bottles  containing  solutions  should  have  the  date  of  preparation  marked  on 
them. 

4.2  All  water  used  shall  be  either  distilled  or  demineralized  water.  The  water  for  a 
hydrometer  test  shall  be  brought  to  the  temperature  that  is  expected  to  prevail  during  the 
hydrometer  test.  For  example,  if  the  sedimentation  cylinder  is  to  be  placed  in  the  water 
bath,  the  distilled  or  demineralized  water  to  be  used  shall  be  brought  to  the  temperature  of 
the  controlled  water  bath;  or,  if  the  sediinentation  cylinder  is  used  in  a  room  with 
controlled  temperature,  the  water  for  the  text  shall  be  at  the  temperature  of  the  room.  The 
basic  temperature  for  the  hydrometer  test  is  68  *  F  (20  *  C).  Small  variations  of  temperature 
do  not  introduce  differences  that  are  of  practical  significance  and  do  not  prevent  the  use  of 
corrections  derived  as  prescribed. 

5.  TEST  SAMPLE 

5.1  Prepare  the  test  sample  for  mechanical  analysis  as  outlined  in  Practice  D  421. 
During  the  preparation  procedure  the  sample  is  divided  into  two  portions.  One  portion 
contains  only  particles  retained  on  the  No.  10  (2.00= mm)  sieve  while  the  other  portion 
contains  only  particles  passing  the  No.  10  sieve.  The  mass  of  air-dried  soil  selerted  for 
purpose  of  tests,  as  prescribed  in  Practice  D  421,  shall  be  sufficient  to  yield  quantities  for 
mechanical  analysis  as  follows: 

5.1.1  The  size  of  the  portion  retained  on  the  No.  10  sieve  shall  depend  on  the  maYimnm 
size  of  particle,  according  to  the  following  schedule: 

Nominal  Diameter  of 

Largest  Particles,  Approximate  Minimum 

in.  (mm)  Mass  of  Portion,  g 


3/8  (9  J) 
3/4  (19.0) 

1  (25.4) 
1-1/2  (38.1) 

2  (50.8) 

3  (762) 


500 

1000 

2000 

3000 

4000 

5000 
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5.12  The  size  of  the  ponion  passing  the  No.  10  sieve  shall  be  approximately  115  g  for 
sandy  soils  and  approximately  65  g  for  silt  and  clay  soils. 

52  Provision  is  made  in  Section  5  of  Practice  D  421  for  weighing  of  the  air-dry  soil 
selected  for  purpose  of  tests,  the  separation  of  the  soil  on  the  No.  10  sieve  by  dry-sieving 
and  washing,  and  the  weighing  of  the  washed  and  dried  fraction  retained  on  the  No.  10 
sieve.  From  these  two  masses  the  percentages  retained  and  passing  the  No.  10  sieve  can  be 
calculated  in  accordance  with  12.1. 

NOTE  8  -  A  check  on  the  mass  values  and  the  thoroughness  of  pulverization  of  the 
clods  may  be  secured  by  weighing  the  portion  passing  the  No.  10  sieve  and  adding  this 
value  to  the  mass  of  the  washed  and  oven-dried  portion  retained  on  the  No.  10  sieve. 

SEVE  ANALYSIS  OF  PORTION  RETAINED  ON  NO.  10  (2.00-mm)  SIEVE 

6.  PROCEDURE 

6.1  Separate  the  portion  retained  on  the  No.  10  (2.00-mm)  sieve  into  a  series  of 
fractions  using  the  3-in.  (75-mm),  2-in.  (50-mm),  1-1/2  in.  (37J-mm),  l-in.  (25.0-mm)  3/4 
in.  (19.0-mm),  3/8  in.  (9J-mm),  No.  4  (4.75-mm),  and  No.  10  sieves,  or  as  many  as  may  be 
needed  depending  on  the  sample,  or  upon  the  specifications  for  the  material  under  test. 

62  Conduct  the  sieving  operation  by  means  of  a  lateral  and  vertical  motion  of  the  sieve, 
accompanied  by  a  jarring  action  in  order  to  keep  the  sample  moving  continuously  over  the 
surface  of  the  sieve.  In  no  case  turn  or  manipulate  fragments  in  the  sample  through  the 
sieve  by  hand.  Continue  sieving  until  not  more  than  1  mass  %  of  the  residue  on  a  sieve 
passes  that  sieve  during  1  min  of  sieving.  When  mechanical  sieving  is  used,  test  the 
thoroughness  of  sieving  by  using  the  hand  method  of  sieving  as  described  above. 

62  Determine  the  mass  of  each  fraction  on  a  balance.  At  the  end  of  weighing,  the  sum 
of  the  masses  retained  on  all  the  sieves  used  should  equal  closely  the  original  of  the 
quantity  sieved. 

HYDROMETER  AND  SIEVE  ANALYSIS  OF  PORTION  PASSING 
THE  NO.  10  (2.00-mm)  SIEVE 

7.  DETERMINATION  OF  COMPOSITE  CORRECTION  FOR  HYDROMETER 
READING 

7.1  Equations  for  percentages  of  soil  remaining  in  suspension,  as  given  in  14.3,  are 
based  on  the  use  of  distilled  or  demineralized  water.  A  dispersing  agent  is  used  in  the 
water,  however,  and  the  specific  gravity  of  the  resulting  liquid  is  appreciably  greater  than 
that  of  distilled  or  demineralized  water. 
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7.1.1  Both  soil  hydrometers  are  calibrated  at  68  *  F  (20  •  C),  and  variations  in  temperature 
from  this  standard  temperature  produce  inaccuracies  in  the  actual  hydrometer  readings. 
The  amount  of  the  inaccuracy  increases  as  the  variation  from  the  standard  temperature 
increases. 

7.1.2  Hydrometers  are  graduated  by  the  manufacturer  to  be  read  at  the  bottom  of  the 
meniscus  formed  by  the  liquid  on  the  stem.  Since  it  is  not  possible  to  secure  readings  of 
soil  suspensions  at  the  bottom  of  the  meniscus,  readings  must  be  taken  at  the  top  and  a 
correction  applied. 

1.13  The  net  amount  of  the  correaions  for  the  three  items  enumerated  is  designated  as 
the  composite  correaion,  and  may  be  determined  experimentally. 

7.2  For  convenience,  a  graph  or  table  of  composite  corrections  for  a  series  of  1  F 
temperature  differences  for  the  range  of  expected  test  temperatures  may  be  prepared  and 
used  as  needed.  Measurement  of  the  composite  corrections  may  be  made  at  two 
temperatures  spanning  the  range  of  expected  test  temperatures,  and  corrections  for  the 
intermediate  temperatures  calculated  ^suming  a  straight-line  relationship  between  the  two 
observed  values. 

13  Prepare  1000  mL  of  liquid  composed  of  distilled  or  demineralized  water  and 
dispersing  agent  in  the  same  proportion  as  will  prevail  in  the  sedimentation  (hydrometer) 
test.  Place  the  liquid  in  a  sedimentation  cylinder  and  the  cylinder  in  the  constant- 
temperature  water  bath,  set  for  one  of  the  two  temperatures  to  be  used.  When  the 
temperamre  of  the  liquid  becomes  constant,  insert  the  hydrometer,  and,  after  a  shon 
interval  to  permit  the  hydrometer  to  come  to  the  temperature  of  the  liquid,  read  the 
hydrometer  at  the  top  of  the  meniscus  formed  on  the  stem.  For  hydrometer  15 IH  the 
composite  correction  is  the  difference  between  this  reading  and  one;  for  hydrometer  52H  it 
is  the  difference  between  the  reading  and  zero.  Bring  the  liquid  and  the  hydrometer  to  the 
other  temperatures  to  be  used,  and  secure  the  composite  correction  as  before. 

8.  HYGROSCOPIC  MOISTURE 

8.1  When  the  sample  is  weighed  for  the  hydrometer  test,  weight  out  an  auxiliary  portion 
of  from  10  to  15  g  in  a  small  metal  or  glass  container,  dry  the  sample  to  a  constant  mass  in 
an  oven  at  230  9F(110  5  C),  and  weigh  again.  Record  the  masses. 

9.  DISPjERSION  OF  SOIL  SAMPLE 

9.1  When  the  soil  is  mostly  of  the  clay  and  silt  sizes,  weight  out  a  sample  of  air-dry  soil 
of  approximately  50  g.  When  the  soil  is  mostly  sand  the  sample  should  be  approximately 

100  g. 
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92  Place  the  sample  in  the  250-niL  beaker  and  cover  with  125  mL  of  sodium 
hexametaphosphate  solution  (40  g/L).  Stir  until  the  soil  is  thoroughly  wetted.  Allow  to 
soak  for  at  least  16  h. 

93  At  the  end  of  the  soaking  period,  disperse  the  sample  further,  using  a  stirring 
apparatus.  If  stirring  apparatus  A  is  used,  transfer  the  soil  water  slurry  from  the  beaker 
into  the  dispersion  cup,  washing  any  residue  from  the  beaker  into  the  cup  with  distilled  or 
demineralized  water  (NOTE  9).  Add  distilled  or  demineralized  water,  if  necessary,  so  that 
the  cup  is  more  than  half  full.  Stir  for  a  period  of  1  min. 

NOTE  9  -  A  large  size  syringe  is  a  convenient  device  for  handling  the  water  in  the 
washing  operation.  Other  devices  include  the  wash-water  bottle  and  a  hose  with  nozzle 
connected  to  a  pressurized  distilled  water  tank. 

10.  HYDROMETER  TEST 

10.1  Immediately  after  dispersion,  transfer  the  soil-water  slurry  to  the  glass 
sedimentation  cylinder,  and  add  distilled  or  demineralized  water  until  the  total  volume  is 
1000  ml- 

10.2  Using  the  palm  of  the  hand  over  the  open  end  of  the  cylinder  (or  a  rubber  stopper 
in  the  open  end),  turn  the  cylinder  upside  down  and  back  for  a  period  of  1  min.  to  complete 
the  agitation  of  the  slurry  (Note  11).  At  the  end  of  1  min.  set  the  cylinder  in  a  convenient 
location  and  take  hydrometer  readings  at  the  following  intervals  of  time  (measured  from 
the  beginning  of  sedimentation),  or  as  many  as  may  be  needed,  depending  on  the  sample  or 
the  specification  for  the  material  under  test:  2, 5, 15, 30, 60, 250,  and  1440  min.  If  the 
controlled  water  bath  is  used,  the  sedimentation  cylinder  should  be  placed  in  the  bath 
between  the  2-  and  5-min.  readings. 

NOTE  11  -  The  number  of  turns  during  this  minute  should  be  approximately  60, 
counting  the  turn  upside  down  and  back  as  two  turns.  Any  soil  remaining  in  the  bottom  of 
the  cylinder  during  the  first  few  turns  should  be  loosened  by  vigorous  shaking  of  the 
cylinder  while  it  is  in  the  inverted  position. 

103  When  it  is  desired  to  take  a  hydrometer  reading,  carefully  insert  the  hydrometer 
about  20  to  25  s  before  the  reading  is  due  to  approximately  the  depth  it  will  have  when  the 
reading  is  taken.  As  soon  as  the  reading  is  taken,  carefully  remove  the  hydrometer  and 
place  it  with  a  spinning  motion  in  a  graduate  of  clean  distilled  or  demineralized  water. 

NOTE  12  -  It  is  important  to  remove  the  hydrometer  immediately  after  each 
reading.  Readings  shall  be  taken  at  the  top  of  the  meniscus  formed  by  the  suspension 
around  the  stem,  since  it  is  not  possible  to  secure  readings  at  the  bottom  of  the  meniscus 
10.4  After  each  reading,  take  the  temperature  of  the  suspension  by  inserting  the 
thermometer  into  the  suspension. 
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11.  SIEVE  ANALYSIS 

11.1  After  taking  the  final  hydrometer  reading,  transfer  the  suspension  to  a  No.  200  (75- 
um)  sieve  and  wash  with  tap  water  until  the  wash  water  is  clear.  Transfer  the  material  on 
the  No.  200  sieve  to  a  suitable  container,  dry  in  an  oven  at  230  9F(110  5C)  and 
make  a  sieve  analysis  of  the  portion  retained,  using  as  many  sieves  as  desired,  or  required 
for  the  material,  or  upon  the  specification  of  the  material  under  test. 

CALCULATIONS  AND  REPORT 

12.  SIEVE  ANALYSIS  VALUES  FOR  THE  PORTION  COARSER  THAN  THE  NO.  10 
(2.00-mm)  SIEVE 

12.1  Calculate  the  percentage  passing  the  No.  10  sieve  by  dividing  the  mass  passing  the 
No.  10  sieve  by  the  mass  of  soil  originally  split  on  the  No.  10  sieve  and  multiplying  the 
result  by  100.  To  obtain  the  mass  passing  the  No.  10  sieve,  subtract  the  mass  retained  on 
the  No.  10  sieve  from  the  original  mass. 

122  To  secure  the  total  mass  of  soil  passing  the  No.  4  (4.75-mm)  sieve,  add  to  the  mass 
of  the  material  passing  the  No.  10  sieve  the  mass  of  the  fraction  passing  the  No.  4  sieve  and 
retained  on  the  No.  10  sieve.  To  secure  the  total  mass  of  soil  passing  the  3/8-in.  (9J-mm) 
sieve,  add  to  the  total  mass  of  soil  passing  the  No.  4  sieve,  the  mass  of  the  fraction  passing 
the  3/8-in-  sieve  and  retained  on  the  No.  4  sieve.  For  the  remaining  sieves,  continue  the 
calculations  in  the  same  manner. 

122  To  determine  the  total  percentage  passing  for  each  sieve,  divide  the  total  mass 
passing  (see  122)  by  the  total  mass  of  sample  and  multiply  the  result  by  100. 

13.  HYGROSCOPIC  MOISTURE  CORRECTION  FACTOR 

13.1  The  hydroscopic  moisture  correction  factor  is  the  ratio  between  the  mass  of  the 
oven-dried  sample  and  the  air-dry  mass  before  drying.  It  is  a  number  less  than  one,  except 
when  there  is  no  hygroscopic  moisture. 

14.  PERCENTAGES  OF  SOIL  IN  SUSPENSION 

14.1  Calculate  the  oven-dry  mass  of  soil  used  in  the  hydrometer  analysis  by  multiplying 
the  air-dry  mass  by  the  hygroscopic  moisture  correction  factor. 

142  Calculate  the  mass  of  a  total  sample  represented  by  the  mass  of  soil  used  in  the 
hydrometer  test,  by  dividing  the  oven-dry  mass  used  by  the  percentage  passing  the  No.  10 
(2.00-mm  sieve),  and  multiplying  the  result  by  100.  This  value  is  the  weight  W  in  the 
equation  for  percentage  remaining  in  suspension. 

142  The  percentage  of  soil  remaining  in  suspension  at  the  level  at  which  the  hydrometer 
is  measuring  the  density  of  the  suspension  may  be  calculated  as  follows  (Note  13):  For 
hydrometer  15 IH: 
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P  =  [(100,000/W)  X  G/(G  -  Gi)](R  -  Gj) 

where: 

a  =  correction  faction  to  be  applied  to  the  reading  of  hydrometer  152H.  (Values 

shown  on  the  scale  are  computed  using  a  specific  gravity  of  2.65.  Correction 
factors  are  given  in  Table  1), 

P  =  percentage  of  soil  remaining  in  suspension  at  the  level  at  which  the 

hydrometer  measures  the  density  of  the  suspension. 

R  =  hydrometer  reading  with  composite  correction  applied  (Section  7). 

W  =  oven-dry  mass  of  soil  in  a  total  test  sample  represented  by  mass  of  soil 

dispersed  (see  14,2),  g, 

G  =  specific  gravity  of  the  soil  particles,  and 

Gi  =  specific  gravity  of  the  liquid  in  which  soil  particles  are  suspended.  Use 

numerical  value  of  one  in  both  instances  in  the  equation.  In  the  first  instance 
any  possible  variation  produces  no  significant  effect,  and  in  the  second 
instance,  the  composite  correction  for  R  is  based  on  a  value  of  one  for  Gi. 

NOTE  13  -  The  bracketed  portion  of  the  equations  for  hydrometer  15 IH  is  constant 

for  a  series  of  readings  and  may  be  calculated  first  and  then  multiplied  by  the  portion  in  the 

parentheses. 

For  hydrometer  152H: 

P  =  (Ra/W)xlOO 

where: 

a  =  correction  faction  to  be  applied  to  the  reading  of  hydrometer  152H.  (Values 

shown  on  the  scale  are  computed  using  a  specific  gravity  of  2.65.  Correction 
factors  are  given  in  Table  1). 

P  =  percentage  of  soil  remaining  in  suspension  at  the  level  at  which  the 

hydrometer  measures  the  density  of  the  suspension. 

R  =  hydrometer  reading  with  composite  correction  applied  (Section  7). 

W  =  oven-dry  mass  of  soil  in  a  total  test  sample  represented  by  mass  of  soil 

dispersed  (see  142),  g. 

G  =  specific  gravity  of  the  soil  particles,  and 

GI  =  specific  gravity  of  the  liquid  in  which  soil  particles  are  suspended.  Use 

numerical  value  of  one  in  both  instances  in  the  equation.  In  the  first  instance 
any  possible  variation  producers  no  significant  effect,  and  in  the  second 
instance,  the  composite  correction  for  R  is  based  on  a  value  of  one  for  G^. 
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IS.  DIAMETER  OF  SOIL  PARTICLES 

15.1  The  diameter  of  a  particle  corresponding  to  the  percentage  indicated  by  a  given 
hydrometer  reading  shall  be  calculated  according  to  Stokes'  law  (Note  14),  on  the  basis  that 
a  particle  of  this  diameter  was  at  the  surface  of  the  suspension  at  the  beginning  of 
sedimentation  and  bad  settled  to  the  level  at  which  the  hydrometer  is  measuring  the  density 
of  the  suspension.  According  to  Stokes’  law: 

D  =  ([30n/980(G  -  Gj)]  x  1/1)^^ 

where: 

D  -  diameter  of  particle,  mm. 

n  =  coefficient  of  viscosity  of  the  suspending  medium  (in  this  case  water)  in 

poises  (varies  with  changes  in  temperature  of  the  suspending  medium), 

L  =  distance  from  the  surface  of  the  suspension  to  the  level  at  which  the  density 
of  the  suspension  is  being  measured,  cm.  (For  a  given  hydrometer  and 
sedimentation  cylinder,  values  vary  according  to  the  hydrometer  readings. 
This  distance  is  known  as  effective  depth  (Table  2)), 

T  =  interval  of  time  from  beginning  of  sedimentation  to  the  taking  of  the  reading, 

min, 

G  =  specific  gravity  of  soil  particles,  and 

Gi  =  specific  gravity  (relative  density)  of  suspending  medium  (value  may  be  used 

as  1,000  for  all  practical  purposes). 

NOTE  14  -  Since  Stokes’  law  considers  the  terminal  velocity  of  a  single  sphere 
faUing  in  an  infimty  of  liquid,  the  sizes  calculated  represent  the  diameter  of  spheres  that 
would  fall  at  the  same  rate  as  the  soil  particles. 

15.2  For  convenience  in  calculations  the  above  equation  may  be  written  as  follows: 

D=K 

where: 

K  —  constant  depending  on  the  temperature  of  the  suspension  and  the  specific 

gravity  of  the  soil  particles.  Values  oiK  for  a  range  of  temperatures  and 
specific  gravities  are  given  in  Table  3.  The  value  of  K  does  not  change  for  a 
series  or  readings  constituting  a  test,  while  values  of  L  and  T  do  vary. 

153  Values  of  D  may  be  computed  with  sufficient  accura^,  using  an  ordinary  10-in.  slide 
rule. 

NOTE  15  -  The  value  of  L  is  divided  by  T  using  the  ..4-  andB-  scales,  the  square  root 
being  indicated  on  the  D-scale.  Without  ascertaining  the  value  of  the  square  root  it  may  be 
multiplied  by  K,  using  either  the  C*  or  C/-scaie. 
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16.  SIEVE  ANALYSIS  VALUES  FOR  PORTION  FINER  THAN  NO.  10  (Z.OO-mm) 
SIEVE 

16.1  Calculation  of  percentages  passing  the  various  sieves  used  in  sieving  the  portion  of 
the  sample  from  the  hydrometer  test  involves  several  steps.  The  first  step  is  to  calculate 
the  mass  of  the  fraction  that  would  have  been  retained  on  the  No.  10  sieve  had  it  not  been 
removed.  This  mass  is  equal  to  the  total  percentage  retained  on  the  No.  10  sieve  (100 
minus  total  percentage  passing)  times  the  mass  of  the  total  sample  represented  by  the  mass 
of  soil  used  (as  calculated  in  14.2).  and  the  result  divided  by  100. 

162  Calculate  next  the  total  mass  passing  the  No.  200  sieve.  Add  together  the  fractional 
masses  retained  on  all  the  sieves,  including  the  No.  10  sieve,  and  subtract  this  sum  from  the 
mass  of  the  total  sample  (as  calculated  in  14.2). 

163  Calculate  next  the  total  masses  passing  each  of  the  other  sieves,  in  a  manner  similar 
to  that  given  in  122. 

16.4  Calculate  last  the  total  percentages  passing  by  dividing  the  total  mass  passing  (as 
calculated  in  163)  by  the  total  mass  of  sample  (as  calculated  in  14.2),  and  multiply  the 
result  by  100. 

17.  GRAPH 

17.1  When  the  hydrometer  analysis  is  performed,  a  graph  of  the  test  results  shall  be 
made,  plotting  the  diameters  of  the  particles  on  a  logarithmic  scale  as  the  abscissa  and  the 
percentages  smaller  than  the  corresponding  diameters  to  an  arithmetic  scale  as  the 
ordinate.  When  the  hydrometer  analysis  is  not  made  on  a  portion  of  the  soil,  the 

preparation  of  the  graph  is  optional,  since  values  may  be  secured  directly  from  tabulated 
data. 

18.  REPORT 

18.1  The  report  shall  include  the  following: 

18.1.1  Maximum  size  of  particles. 

18.12  Percentage  passing  (or  retained  on)  each  sieve,  which  may  be  tabulated  or 
presented  by  plotting  on  a  graph  (Note  16). 

18.13  Description  of  sand  and  gravel  particles: 

18.13.1  Shap)e  -  rounded  or  angular. 

18.132  Hardness  -  hard  and  durable,  soft,  or  weathered  and  friable. 

18.1.4  Specific  gravity,  if  unusually  high  or  low. 

18.13  Any  difficulty  in  dispersing  the  fraction  passing  the  No.  10  (2.00-mm)  sieve, 
indicating  any  change  in  type  and  amount  of  dispersing  agent,  and 
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18.1.6  The  dispersion  device  used  and  the  length  of  the  dispersion  period. 

NOTE  16  -  This  tabulation  of  graph  represents  the  gradation  of  the  sample  tested. 
If  particles  larger  than  those  contained  in  the  sample  were  removed  before  testing,  the 
report  shall  so  state  giving  the  amount  and  maximum  size. 

1S2  For  materials  tested  for  compliance  with  definite  specifications,  the  fractions  called 
for  in  such  specifications  shall  be  reported.  The  fraaions  smaller  than  the  No.  10  sieve 
shall  be  read  from  the  graph. 

18  J  For  materials  for  which  compliance  with  definite  specifications  is  not  indicated  and 
when  the  soil  is  composed  almost  entirely  of  particles  passing  the  No.  4  (4.75-mm)  sieve, 
the  results  read  from  the  graph  may  be  reported  as  follows: 

(1)  Gravel,  passing  3-in.  and  retained  on 
No.  4  sieve 

(2)  Sand,  passing  No.  4  sieve  and  reainted  on 
No.  200  sieve 

(a)  - Coaree  sand,  passing  No.  4  sieve  and 

retained  on  No.  10  sieve 

(b)  — Medium  sand,  passing  No.  10  sieve  and 

retained  on  No.  40  sieve 

(c)  — Fine  sand,  passing  No.  40  sieve  and 

retained  on  No.  200  sieve 

(3)  sat  size,  0.074  to  0.005  mm 

(4)  Qay  size,  smaller  than  0.005  mm 

Colloids,  smaller  than  0.001  mm 


.% 

,.% 

.% 

.% 

.% 

.% 

.% 


18.4  For  materials  for  which  compliance  with  definite  specifications  is  not  indicated  and 
when  the  soil  contains  material  retained  on  the  No.  4  sieve  sufficient  to  recjuire  a  sieve 
analysis  on  that  portion,  the  results  may  be  reported  as  follows  (Note  17): 

SIEVE  ANALYSIS 


Sieve  Size 

3  inches 
2  inches 
1-1/2  inches 
1  inch 
1/4  inch 
1/8  inch 

No.  4  (4.75-mm) 
No.  10  (2.00-mm) 
No.  40  (425-um) 
No.  200  (75-um) 


Percentage 

Passing 


HYDROMETER  ANALYSIS 

0.074  mm 
0.005  mm 
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0.001  mm 

NOTE  17  -  NO.  8  (236-mm)  and  No.  50  (300*um)  sieves  may  be  substituted  for  No. 
10  and  No.  40  sieves. 
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TABLE  1 


VALUES  OF  CORRECnON  FACTOR,  a,  FOR  DIFFERENT  SPECIHC 
GRAVITIES  OF  SOIL  PARTICLES'^ 


Specific  Gravity 


Correction  Factor^ 


2.95 

0.94 

2.90 

0.95 

2.85 

0.96 

2.80 

0.97 

2.75 

0.98 

2.70 

0.99 

2.65 

1.00 

2.60 

1.01 

Z55 

1.02 

250 

1.03 

2.45 

1.05 

H  percentage  of  soil  remaining  in  pension  when  using 
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TABLE  2 

VALUES  OF  EFFECTIVE  DEPTH  BASED  ON  HYDROMETER  AND 
SEDIMENTATION  CYLINDER  OF  SPECIFIED  SIZES'^ 


Hydrometer  15 IH  _ Hydrometer  152H 

Actual  Actual  Effec-  Actual  Effec- 

Hydro-  Effective  Hydro-  tive  Hydro-  tive 

meter  Depth,  meter  Depth,  meter  Depth, 

Reading  L.,  cm. _ Reading  L,,  cm _ Reading  L..  cm 


1.000 

16.3 

0 

16.3 

31 

11.2 

1.001 

16.0 

1 

16.1 

32 

11.1 

1.002 

15.8 

2 

16.0 

33 

10.9 

1.003 

15.5 

3 

15.8 

34 

10.7 

1.004 

15.2 

4 

15.6 

35 

10.6 

1.005 

15.0 

5 

15.5 

1.006 

14.7 

6 

15.3 

36 

10.4 

1.007 

14.4 

7 

15.2 

37 

10.2 

1.008 

142 

8 

15.0 

38 

10.1 

1.009 

13.9 

9 

14.8 

39 

9.8 

1.010 

13.7 

10 

14.7 

40 

9.7 

1.011 

13.4 

11 

14.5 

41 

9.6 

1.012 

13.1 

12 

143 

42 

9.4 

1.013 

12.9 

13 

142 

43 

9.2 

1.014 

12.6 

14 

14.0 

44  ■ 

9.1 

1.015 

12.3 

15 

13.8 

45 

8.9 

1.016 

12.1 

16 

13.7 

46 

8.8 

1.017 

11.8 

17 

133 

47 

8.6 

1.018 

11.5 

18 

13.3 

48 

8.4 

1.019 

11 J 

19 

13.2 

49 

8.3 

1.020 

11.0 

20 

13.0 

50 

8.1 

1.021 

10.7 

21 

12.9 

51 

7.9 

1.022 

10.5 

22 

12.7 

52 

7.8 

1.023 

10.2 

23 

12.5 

52 

7.6 

1.024 

10.0 

24 

12.4 

54 

7.4 

1.025 

9.7 

25 

12.2 

55 

7.3 

1.026 

9.4 

26 

12.0 

56 

7.1 

1.027 

9.2 

27 

11.9 

57 

7.0 

1.028 

8.9 

28 

11.7 

58 

6.8 

1.029 

8.6 

29 

11.5 

59 

6.6 

1.030 

8.4 

30 

11.4 

60 

6.5 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  requirements  necessary  for  sample 
packaging,  and  information  on  chain-of-custody  records  used  in  sample  transfer. 


2.0  SCOPE 

This  procedure  applies  to  the  packaging,  shipping,  and  doaunentation  of  samples  being 
transferred  from  the  field  to  the  laboratory  for  analysis.  Specifically,  this  document  outlines 
shipping  and  sample  documentation  procedures  that  are  in  accord  with  the  U.S.  Department 
of  Transponation  (DOT)  and  HAZWRAP.  This  procedure  is  applicable  to  all  samples  taken 
from  uncontrolled  hazardous  substance  sites  for  analysis  at  laboratories  away  from  the  site; 
however,  this  procedure  does  not  take  precedence  over  region-specific  or  site-specific 
requirements  for  chain-of-custody. 

3.0  REQUIREMENTS 

Careful  packaging,  shipping,  and  documentation  are  necessary  to  insure  that  all  samples 
received  are  undamaged  and  authentic. 

4.0  REFERENCES 

4.1  HLAZWRAP,  February  1989.  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69,  Rev.  0. 

4.2  HAZWRAP,  July  1988.  Requirements  for  Quality  Assurance  of  Analytical  Data, 
DOE/HWP-65,  Rev.  0,  July  1988. 

43  U.S.  Department  of  Transportation,  1983.  Hazardous  Materials  Regulations,  49  CFR 
171-177. 

4.4  USEPA,  1984.  User's  Guide  to  the  Contract  Laboratory  Program,  Office  of  Emergency 
and  Remedial  Response,  Washington,  D.C. 

5.0  DEFINITIONS 

Carrier  -  A  person  or  firm  engaged  in  the  transportation  of  passengers  of  property. 
Chain-of-Custody  Record  Form  -  A  Chain-of-Custody  Record  Form  is  a  printed  two- 
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part  form  that  accompanies  a  sample  or  group  of  samples  as  custody  of  the  sample(s)  is 
transferred  from  one  custodian  to  the  subsequent  custodian.  Attachment  9.1  shows  a  typical 
Chain-of-Custody  Record.  Chain-of-Custody  Record  Form  is  a  controlled  document.  One 
copy  of  the  form  must  be  retained  in  the  project  file. 

Custodian  -  The  person  responsible  for  the  custody  of  samples  at  a  particular  time, 
until  custody  is  transferred  to  another  person  (and  so  documented),  who  then  becomes 
custodian.  A  sample  is  under  your  custody  if: 

.  You  possess  the  sample. 

.  It  is  in  your  view,  after  being  in  your  physical  possession. 

.  It  was  in  your  physical  possession  and  then  you  locked  it  up  to  prevent 
tampering. 

.  You  have  designated  and  identified  a  secure  area  to  store  the  sample. 

Hazardous  Material  -  A  substance  or  material  in  a  quantity  and  form  which  may  pose 
an  unreasonable  risk  to  health  and'  safety  or  property  when  transported  in  commerce 
("commerce”  here  to  include  any  traffic  or  transportation).  Defined  and  regulated  by  DOT  (49 
CFR  173.2)  and  listed  in  Attachment  9.1. 

Hazardous  Waste  -  Any  substance  listed  in  40  CFR  Subpart  D  (26130  et  seq)  or  40 
CFR  otherwise  characterized  as  ignitable,  corrosive,  reactive,  or  EP  toxic  as  specified  under 
Subpart  C  (261.20  et  seq)  that  would  be  subject  to  manifest  requirements  specified  in  40  CFR 
262.  Defined  and  regulated  by  EPA. 

Marking  -  Applying  the  descriptive  name,  instructions,  cautions,  weight,  or  specification 
marks  or  combination  thereof  required  to  be  placed  outside  containers  of  hazardous  materials. 

n.o.i.  -  Not  otherwise  indicated. 

n.o.s.  -  Not  otherwise  specified. 

ORM  -  Other  regulated  material. 

Packaging  -  The  assembly  of  one  or  more  containers  and  any  other  components 
necessary  to  assure  compliance  with  the  minimum  packaging  requirements  of  49  CFR  172, 
including  containers  (other  than  freight  containers  or  overpacks),  portable  tanks,  cargo  tanks, 
tank  cars,  and  multi-unit  tank  car  tanks. 

Placard--  Color-coded,  piaorial  sign  depiaing  the  hazard  class  symbol  and  name  to  be 
placed  on  all  four  sides  of  a  vehicle  transporting  certain  hazardous  materials. 

Reportable  Quantity  (RQ)  -  A  parenthetical  note  of  the  form  "(RQ-1000/454)" 
following  an  entry  in  the  DOT  Hazardous  Materials  table  (49  CFR  172.101)  indicates  the 
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reponable  quantity  of  the  substance  in  pounds  and  kilograms.  If  a  spill  of  that  amount  or 
more  of  the  substance  occurs  during  transit  or  storage,  a  repon  must  be  filed  with  DOT 
according  to  171.15-17  concerning  hazardous  materials  incidents  reports.  If  the  material 
spilled  is  a  hazardous  waste,  a  report  must  always  be  filed,  regardless  of  the  amount,  and  must 
include  a  copy  of  the  manifest  If  the  RQ  notation  appears,  it  must  be  shown  either 
immediately  before  or  after  the  proper  shipping  name  on  the  shipping  paper  (or  manifest). 
Most  shipping  papers  and  manifests  will  have  a  column  designated  "HM"  which  my  be  used  for 
this  purpose. 

Sample  -  A  sample  is  physical  evidence  collected  from  a  facility  or  the  environment, 
which  is  representative  of  conditions  at  the  point  and  time  that  it  was  collected. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader  -  Responsible  for  determining  that  samples  are  properly 
packaged  and  shipped,  and  for  determining  that  the  chain-of-custody  procedures  are 
implemented  from  the  time  the  samples  are  collected  to  their  release  to  the  shippers. 

6.2  Field  Samplers  -  Responsible  for  implementing  the  packaging  and  shipping 
requirements  and  for  initiating  the  chain-of-custody  records  until  they  are  relinquished  to 
another  custodian,  to  the  shipper,  or  to  the  carrier. 

7.0  EQUIPMENT 

7.1  Coders. 

7.2  Teflon  and  nylon  strapping  tape. 

7.4  Venniculite  or  styrofoam  packaging  materials. 

7.5  Bubble  pack. 

7.6  Sampling  gloves. 

7.7  Poly-neL 

7.8  Reclosable  plastic  bags. 

7.9  Permanent  felt  tip  marker. 

7.10  Pen,  black  permanent  ink. 

8.0  PROCEDURE 

8.1  SAMPLE  PACKAGING  AND  SHIPPING 

Samples  collected  for  shipment  from  a  site  should  be  classified  as  either  environmental 
or  hazardous  material  (or  waste)  samples.  In  general,  environmental  samples  are  collected 
off-site  (for  example,  from  streams,  ponds,  or  wells)  and  are  not  expected  to  be  grossly 
contaminated  with  high  levels  of  hazardous  materials.  On-site  samples  (for  example,  soil. 
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water,  and  materials  from  drums  or  bulk  storage  tanks,  obviously  contaminated  ponds, 

lagoons,  pools,  and  leachates  from  hazardous  waste  sites)  are  considered  hazardous.  A 

distinction  must  be  made  between  the  two  types  of  samples  in  order  to: 

.  Determine  appropriate  procedures  for  transportation  of  samples.  If  there 
is  any  doubt,  a  sample  should  be  considered  hazardous  and  shipped 
accordingly. 

•  Protect  the  health  and  safety  of  laboratory  personnel  receiving  the 
samples.  Special  precautions  are  used  at  laboratories  when  samples 
other  than  environmental  samples  are  received. 

8.2  ENVIRONMENTAL  SAMPLES 
S2.1  Packaging 

Environmental  samples  may  be  packaged  following  the  procedures  outlined  in  Seaion 

8.4  for  samples  classified  as  "flammable  liquids"  or  "flammable  solids".  Requirements  for 
marking,  labeling,  and  shipping  papers  do  not  apply. 

Environmental  samples  may  also  be  packaged  without  being  placed  inside  metal  cans  as 
required  for  flammable  liquids  or  solids. 

.  Place  sample  container,  properly  identified  and  with  a  sealed  lid,  in  a 
polyethylene  bag  and  seal  the  bag. 

.  Place  sample  in  a  fiberboard  container  or  metal  picnic  cooler  which  has 
been  lined  with  a  large  polyethylene  bag. 

.  Pack  wth  enough  nocombustible,  absorbent,  cushioning  materials  to 
minimize  the  possibility  of  the  container  breaking. 

.  Seal  large  bag. 

.  Seal  or  close  outside  container. 

$22  Marking/Labeling 

Sample  containers  must  have  a  completed  sample  identification  tag  and  the  outside 
container  must  be  marked  "Environmental  Sample".  The  appropriated  side  of  the  container 
must  be  marked  "This  End  Up"  and  arrows  placed  appropriately.  No  DOT  markings  or 
labeling  are  required. 

S23  Shipping  Papers 

No  DOT  shipping  papers  are  required.  However,  the  appropriate  chain-of-custody 
forms  must  be  included  with  the  shipment. 

82.4  Transportation 

There  are  no  DOT  restrictions  on  mode  of  transportation. 
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8  J  Detemination  of  Shipping  Classification  for  Hazardous  Material  Samples 

Samples  not  determined  to  be  environmental  samples,  or  samples  known  or  expected  to 
contain  hazardous  materials,  must  be  considered  hazardous  material  samples  and  transponed 
according  to  the  requirements  listed  below. 

8  J.1  Known  Substances 

If  the  substance  in  the  sample  is  known  or  can  be  identified,  package,  mark  label,  and 
ship  according  to  the  specific  instructions  for  that  material  (if  it  is  listed)  in  the  DOT 
Hazardous  Materials  Table,  49  CFR  172.101. 

Unz  and  Company  have  published  the  following  steps  to  help  in  locating  a  proper 
shipping  name  from  the  Hazardous  Materials  Table,  48  CFR  172.101, 

1.  Look  first  for  the  chemical  or  technical  name  of  the  material,  for 
example,  ethyl  alcohol.  Note  that  many  chemicals  have  more  than  one 
techmcal  name;  for  example,  perchloroethylene  (not  listed  in  172  101)  is 
also  called  tetrachloroethylene  (listed  in  172.101).  It  may  be  useful  to 
consult  a  chemist  for  all  possible  technical  names  a  material  can  have  If 
you  material  is  not  listed  by  its  technical  name,  then.... 

2.  I^ok  for  the  chemical  family  name.  For  example,  pentyl  alcohol  is  not 
listed  but  the  chemical  family  name  is  alcohol,  n.o.s.  (not  otherwise 
specified).  If  the  chemical  family  name  is  not  listed,  then.... 

3.  Look  for  a  generic  name  based  on  end  use.  For  example.  Paint,  n.o.s.  or 
Fireworks,  n.o.s.  If  a  generic  name  based  on  end  use  is  not  listed,  then.... 

4.  Look  for  a  generic  family  name  based  on  end  use.  For  example,  Drugs, 
n.o.s.  or  Cosmetics,  n.o.s.  Finally  if  your  material  is  not  listed  by  a  generic 
family  name  but  you  suspect  or  know  the  material  is  hazardous  because  is 
meets  the  definition  of  one  or  more  hazard  classes,  then.... 

5.  You  will  have  to  go  to  the  general  hazard  class  for  a  proper  shipping 
name.  For  example.  Flammable  Liquid,  n.o.s.,  or  Oxidizer,  n.o.s. 

832  Unknown  Substances 

For  samples  of  hazardous  substances  of  Unknown  content,  select  the  appropriate 
transportation  category  according  to  the  DOT  Hazardous  Materials  Classification 
(Attachment  9.1),  a  priority  system  of  transportation  categories. 

The  correct  shipping  classification  for  an  unknown  sample  is  selected  through  a  process 
of  elimination,  utilizing  Attachment  9.1.  Unless  known  or  demonstrated  otherwise  (through 
the  use  of  radiation  survey  instruments),  the  sample  is  considered  radioactive  and  appropriate 
shipping  regulations  for  "radioactive  material"  followed. 

If  radioactive  material  is  eliminated,  the  sample  is  considered  to  contain  "Poison  A" 
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materials  (Attachment  9.2),  the  next  classification  on  the  list.  DOT  defines  "Poison  A"  as 
extremely  dangerous  poisonous  gases  or  liquids  of  such  a  nature  that  a  very  small  amount  of 
gas,  or  vapor  of  the  liquid,  mixed  with  air  is  dangerous  to  life.  Most  Poison  A  materials  are 
gases  or  compressed  gases  and  would  not  be  found  in  drum-type  containers.  Liquid  Poison  A 
would  be  found  only  in  closed  containers;  however,  all  samples  taken  from  closed  drums  do 
not  have  to  be  shipped  as  Poison  A,  which  provides  for  a  "worst  case"  situation.  Based  upon 
information  available,  a  judgement  must  be  made  whether  a  sample  from  a  closed  container  is 
a  Poison  A. 

If  Poison  A  is  eliminated  as  a  shipment  category,  the  next  two  classifications  are 
"flammable"  or  "nonflammable"  gases.  Since  very  few  gas  samples  are  collected,  "flammable 
liquid"  would  be  the  next  applicable  category.  With  the  elimination  of  radioactive  material. 
Poison  A,  flammable  gas,  and  nonflammable  gas,  the  sample  can  be  classified  as  flammable 
liquid  (or  soHd)  and  shipped  accordingly.  These  procedures  would  also  suffice  for  shipping  any 
other  samples  classified  below  flammable  liquids  in  the  DOT  classification  table  (Attachment 
9.1).  For  samples  containing  unknown  material,  categories  listed  below  flammable 
liquids/solids  on  Attachment  9.1  are  generally  not  used  because  showing  that  these  materials 
are  not  flammable  liquids  (or  solids)  requires  flashpoint  testing,  which  may  be  impractical  and 
possibly  dangerous  at  a  site.  Thus,  unless  the  sample  is  known  to  consist  of  material  listed  as 
less  hazardous  than  flammable  liquid  (or  solid)  on  Attachment  9.1,  it  is  considered  a 
flammable  liquid  (or  solid)  and  shipped  as  such. 

For  any  hazardous  material  shipment ,  utilize  the  shipping  checklist  (Attachment  9.3)  as 
a  guideline  to  ensure  ±at  all  sample-handling  requirements  are  satisfied. 

8.4  Packaging  and  Shipping  of  Samples  Classified  as  Flammable  Liquid  for  Solid) 

8.4.1  Packaging 

Applying  the  word  "flammable"  to  a  sample  does  not  imply  that  it  is  in  fact  flammable. 
The  word  prescribes  the  class  of  packaging  according  to  DOT  regulations. 

1.  Collect  sample  in  the  prescribed  container  with  nonmetallic.  Teflon-lined 
SCTew  cap.  To  prevent  leakage,  fill  container  no  more  than  90%  full.  If 
M  air  space  in  the  sample  container  would  affect  sample  integrity,  place 
that  container  within  a  second  container  to  meet  the  90%  requirement. 

2.  Complete  sample  label  and  identification  tag  and  attach  securely  to 
sample  container. 

3.  Seal  container  and  place  in  a  2-ml  thick  (or  thicker)  polyethylene  bag, 
one  sample  per  bag.  Position  identification  tag  so  that  it  can  be  read 
through  bag.  Seal  bag. 
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Place  sealed  bag  inside  metal  can  and  cushion  it  with  enough 
noncombustible,  absorbent  material  (for  example  vermiculite  or 
diatomaceous  earth)  between  the  bottom  and  sides  of  the  can  and  bag  to 
prevent  breakage  and  absorb  leakage.  Pack  one  bag  per  can.  Use  clips 
tape,  or  other  positive  me^  to  hold  can  lid  securely,  tightly  and 
permanently.  Mark  can  as  indicated  in  Paragraph  1  of  Section  8.4.2, 


5.  Place  one  or  more  metal  cans  (or  single  1-gallon  bottle)  into  a  strong 
outside  container,  such  as  a  metal  picnic  cooler  or  a  DOT-approved 
fiberbo^d  box.  Surround  cans  with  noncombustible,  absorbent 
cushioning  material  for  stability  during  transport.  Mark  containers  as 
indicated  in  Paragraph  2  of  Section  8.4.2. 

8.4.2  Marking/Labeling 

1.  Use  abbreviations  only  where  specified.  Place  the  following  information, 
either-hand  printed  or  in  label  form,  on  the  metal  can  (or  1-gallon 
bottle): 

.  Laboratory  name  and  address. 

"Hammable  Uquid,  n.o.s.  UN1993’*  or  "Flammable  Solid,  n.o.s. 

UN 1325". 


.  Not  otherwise  specified  (n.o.s.)  is  not  used  if  the  flammable  liquid 
(or  solid)  is  identified.  Then  the  name  of  the  specific  material  is 
Usted  before  the  category  (for  example,  Acetone,  Flammable 
followed  by  its  appropriate  UN  number  found  in  the 
DOT  hazardous  materials  table  (49  CFR  172.101). 

Place  all  information  on  outside  shipping  container  as  on  can  (or  bottle) 
specifically: 

.  Proper  shipping  name. 

.  UN  or  NA  number. 


Proper  label(s). 

.  Addressee  and  sender. 

Place  the  following  labels  on  the  outside  container:  "Cargo  Aircraft  Only"  and 
"nammable  Uquid"  (or  "Hammable  Solid").  "Dangerous  When  Wet"  label  should  be  used  if 
the  solid  has  not  been  exposed  to  a  wet  environment  "Laboratory  Samples"  and  "THIS  SIDE 
UP  or  "THIS  END  UP"  should  also  be  marked  on  the  top  of  the  outside  container,  and 
upward-pointing  arrows  should  be  placed  on  all  sides  of  the  container. 

8.43  Shipping  Papers 

1.  Use  abbreviations  only  where  specified.  Complete  the  carrier-provided 
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bill  of  lading  and  sign  certification  statement  (if  carrier  does  not  provide, 
use  standard  industry  form,  see  Attachment  9.4).  Provide  the  following 
information  in  the  order  listed  (one  form  may  be  used  for  more  than  one 
exterior  container). 

.  "Flammable  Liquid,  n.o.s.  UN1993"  or  "Flammable  Solid,  nos 
UN1325). 

.  "Limited  Quantity"  (or  "Ltd.  Qty."). 

.  "Cargo  Aircraft  Only". 

.  Net  weight  (wt)  or  net  volume  (vol),  just  before  or  just  after 
"Flammable  Liquid  n.o.s."  or  "Rammable  Solid,  n.o.s.",  by  item,  if 
more  than  one  metal  can  is  inside  an  exterior  container. 

.  "Laboratory  Samples"  (if  applicable). 

2.  Include  Chain-of-Custody  Record,  properly  executed  in  outside 
container. 

3.  "Limited  Quantity"  of  "Flammable  Liquid,  n.o.s."  is  limited  to  one  pint  per  ] 
inner  container.  For  "Flammable  Solid,  n.o.s.",  net  weight  of  inner 
container  plus  sample  should  not  exceed  one  pound;  total  paclmge  weight 
should  not  exceed  25  pounds. 

8.4.4  Transportation 

1.  Transport  Unknown  hazardous  substance  samples  classified  as  flanunable 
liquids  by  rented  or  common  carried  truck,  railroad,  or  express  overnight 
package  services.  Do  not  transport  by  any  passenger-carrying  air 
transport  system,  even  if  they  have  cargo-only  aircraft.  DOT  regulations 
permit  passenger  airline  company  cargo  only  aircraft,  but  difficulties  with 
most  suggest  avoiding  them.  Instead,  ship  by  airline  carriers  that  only 
carry  cargo. 

2.  For  transport  by  government-owned  vehicle,  including  aircraft,  DOT 
regulations  do  not  a,pply.  However,  procedures  described  above,  with  the 
exception  of  execution  of  the  bill  of  lading  with  cenification,  should  still 

be  used.  ' 

8.5  Packaging  and  Shipping  of  Samples  Classified  as  Poison  "A” 

This  packaging,  marking,  labeling,  and  shipping  method  provides  a  worst-case 
procedure  for  materials  classed  as  Poison  A  (49  CFR  173328).  In  the  absence  of  reliable  data 
that  exclude  the  possibility  of  the  presence  of  Poison  A  chemicals  or  compounds  (see 
Attachment  9.2),  these  procedures  must  be  followed. 

8.5.1  Packaging 

Applying  the  word  "poisonous"  to  a  sample  does  not  imply  that  it  is,  in  fact,  poisonous. 
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or  how  poisonous.  It  describes  the  class  of  packaging  according  to  DOT  regulations. 

1.  Collect  samples  in  a  polyethylene  or  glass  container  with  an  outer 
diameter  narrower  than  the  valve  hole  on  a  DOT  specification  #3A1800 

^  cylinder.  To  prevent  leakage,  fill  container  no  more 

than  90%  full.  Seal  sample  container. 


Complete  sample  label  and  identification  tag  and  attach  securely  to 
sample  container.  ^ 


Attach  stnng  or  flexible  wire  to  neck  of  the  sample  container;  lower  it 
mto  metal  cylinder  partially  filled  with  noncombustible,  absorbent 
a^hiomng  material  (for  example,  diatomaceous  eanh  or  vermiculite) 
Flace  only  one  container  in  metal  cylinder.  Pack  with  enough  absorbing 
material  between  the  bottom  and  sides  of  the  sample  container  and  the 
me^  qrlinder  to  prevent  breakage  and  absorb  leakage.  After  the 
cushioning  material  is  in  place,  drop  the  end  of  the  string  into  the  cylinder 
valve  hole.  ^ 


4.  Replace  valve,  torque  to  250  ft-lb  (for  l-inch  opening),  and  replace  valve 
protector  on  metal  cylinder,  using  Teflon  tape. 

5.  Mark  and  label  cylinder  as  described  in  Paragraph  1  of  Section  5.5.2. 

6.  Place  one  or  more  cylinders  in  DOT-approved  outside  container. 

7.  Mark  and  label  outside  container  and  complete  shipping  papers  as 

descnbed  below.  &  r  r 

8.5.2  Marking/Labeling 

1.  Use  abbreviations  only  where  specified.  Place  the  following  information 
either  hmd-prmted  or  in  label  form,  on  the  side  of  the  cylinder  or  on  a 
tag  wired  to  the  cylinder  valve  protector. 

.  "Poisonous  Liquid,  n.o.s."  or  "Poisonous  Gas,  n.o.s.  NA9035)". 

.  Laboratory  name  and  address. 

•  DOT  label  Poisonous  Gas"  (even  if  sample  is  liquid)  on  cylinder. 

2.  all  information  on  metal  cylinder  on  outside  container.  Print 
Laboratory  Sample"  and  "Inside  Packages  Comply  With  Prescribed 

“P  and/or  front  of  outside  container.  Mark  'THIS 
SIDE  UP"  on  top  of  container  and  upward-pointing  arrows  on  all  four 
sides. 

8.5J  Shipping  Papers 

1.  Use  abbreviations  only  as  specified.  Complete  carrier-provided  bill  of 
lading  md  sign  certification  statement  (if  carrier  does  not  provide,  use 
standard  industiy  form,  see  Attachment  9.4).  Provide  the  following 
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information  in  the  order  listed.  One  form  may  be  used  for  more  than  one 
exterior  container.) 

.  "Poisonous  Liquid,  n.o.s.  NA9035)." 

.  "Limited  Quantity"  (or  "Ltd.  Qty."). 

.  Net  weight  (wt)  or  net  volume  (vol),  just  before  of  after 
"Poisonous  Liquid,  n.o.s.",  of  each  cylinder,  if  more  than  one  is 
inside  the  outer  container. 

2.  Include  a  Chain-of-Qistody  Record,  properly  executed,  in  container  or 
with  cylinder. 

3.  Accompany  shipping  container  to  carrier  and,  if  required,  open  outside 
container(s)  for  inspection. 

8.5.4  Transportation 

Transport  Unknown  hazardous  substance  samples  classified  as  Poison  A  only  by  ground 
transport  or  Government-owned  aircraft.  Do  not  use  air  cargo,  other  common-carrier  aircraft, 
or  rented  aircraft. 

8.6  Transport  of  Investigation  and  Remediation  Wastes 

The  packaging,  marking,  labeling,  and  other  shipping  requirements  will  depend  on  the 
particular  waste  to  be  transported.  Examples  of  wastes  which  may  be  generated  during  the  site 
investigations  are  decontamination  or  cleaning  solutions,  contaminated  disposable  items,  test 
pit  spoils,  drilling  cuttings  or  fluids  and  contaminated  monitoring  well  discharges.  Waste 
materials  from  remediation  include  excavation  spoils,  overpacked  drums  and  discharges  fi-om 
drained  lagoons  or  tanks. 

In  many  cases,  wastes  generated  during  site  investigations  will  be  disposed  of  onsite. 
These  relatively  small  volumes  of  waste  will  be  dealt  with  as  part  of  the  waste  to  be  cleaned  up 
or  isolated  during  remediation.  This  avenue  should  be  pursued,  if  feasible,  to  avoid  the 
inconvenience  of  transportation  and  disposal  which  are  disproportionately  expeinsive  for  small 
volumes.  If  such  a  solution  is  approved,  materials  should  be  properly  bagged,  drummed, 
covered,  buried,  or  otherwise  contained  at  the  end  of  each  day. 

Those  materials  which  must  be  transported  for  treatment,  storage,  or  disposal  should  be 
packaged,  labeled  and  marked  in  accordance  with  applicable  regulations. 

Many  wastes  generated  during  site  investigation  and  remediation  activities  will 
probably  be  adequately  handled  under  the  classification  "ORM-E"  (i.e.,  other  regulated 
materials,  type  E)  Types  of  wastes  which  would  normally  fall  under  this  classification  are 
contaminated  disposable  protective  clothing  and  sampling  equipment,  spent  soapy 
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decontamination  solutions  and  rinses,  contaminated  drilling  cuttings  or  fluids  and 
contaminated  soils  excavated  during  site  investigations  or  remediation. 

Spent  solvents  used  for  decontamination  of  sampling  equipment  (e.g.,  acetone  or 
methanol)  should  be  referenced  by  the  actual  product  name.  Liquids  from  drums  or  tanks 
should  be  specified  as  accurately  as  possible  based  on  results  of  lab  analysis  or  reliable  records. 
If  the  liquid  is  known  to  be  a  solvent,  organic  liquid,  or  spent  distillation  bottoms,  it  should  be 
referenced  by  its  acmal  or  generic  name  from  the  Hazardous  Materials  Table.  In  cases 
requiring  emergency  actions  where  the  identity  of  a  substance  is  not  accurately  know,  place  the 
substance  in  one  of  the  general  hazard  classes  in  49  CFR  173.2.  The  choice  of  class  should  be 

conservative;  that  is,  use  the  highest  priority  class  based  on  available  information  as  described 
in  Section  8J2. 

The  following  steps  for  preparing  hazardous  materials  for  shipment  were  extracted 
from  the  "Hazardous  Materials  Transponation  Guide  for  Shippers"  published  by  the  U.S. 
DOT.  References  are  to  CFR  Title  49. 

1.  Determine  the  Proper  Shipping  Name 

^e  shipper  must  determine  the  proper  shipping  name  of  the  materials  as 
listed  m  the  Hazardous  Materials  Table,  *  172.101,  Column  (2). 

2.  Determine  the  Hazard  Class  or  Classes 

a.  Refer  to  the  Table,  “172.101,  Column  (3)  and  locate  the  hazard 

or  follow  the  steps  described  in  Seaion  83.2 

of  this  Guideline. 

b.  K  more  than  one  class  is  shown  for  the  proper  shipping  name 
determine  the  proper  class  by  definition. 

c.  If  the  material  has  -more  than  one  hazard,  classify  the  material 
based  on  the  order  of  hazards  in  “1732. 

3.  Select  the  Proper  Identification  Number 

a-  to  the  Table,  172.101,  Column  (3a)  and  select  the 

Identification  Number  (ID)  that  corresponds  to  the  proper 
shipping  name  and  hazard  class. 

b.  Enter  the  ro  Number(s)  on  the  shipping  papers  and  display  them, 
as  required,  on  packaging,  placards,  and/or  orange  panels. 

4.  Determine  the  Mode(s)  of  Transport  to  Ultimate  Destination* 

a.  As  a  shipper,  you  must  assure  yourself  that  the  shipment  complies 
with  the  various  modal  requirements. 
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b.  The  modal  requirements  may  affect  the  following: 

(1)  Packaging 

(2)  Quantity  per  package 

(3)  Marking  ’ 

(4)  Labeling 

(5)  Shipping  papers 

(6)  Certification 

•  For  example,  truck,  rail  or  air.  i 

5.  Select  the  Proper  Label(s)  and  apply  as  required  < 

Required  labels  are  based  on  the  hazard  class  of  the  substance  to  be 
shipped.  No  placards  are  required  on  vehicles  transporting  ORM-E 
substances  or  limited  quantities  of  any  hazardous  materials  (e.g., 
hazardous  samples  as  discussed  in  Section  l4).  i 

a.  Refer  to  the  Table,  172.101,  Column  (4)  for  required  label(s). 

b.  For  details  in  labeling  refer  to: 

(1)  Additional  Labels,  172.402 

r 

(2)  Location  of  Labels,  172.406 

(3)  Packaging  (Mixed  or  Consolidated),  172.404(a)  and  (b) 

(4)  Packages  Containing  Samples,  172.402(h) 

(5)  Radioactive  Materials,  172.403  * 

(6)  Authorized  Label  Modification,  172.405  . 

6.  Determine  and  Select  the  Proper  Packaging 

a.  Refer  to  the  Table,  172.101,  Column  (5a)  for  exceptions  and 
Column  (5b)  for  authorized  Packaging.  Consider  the  following 
when  selecting  an  authored  container:  Quantity  per  package; 
Cushioning  material,  if  recmired;  Proper  closure  and 
reinforcement;  Proper  pressure;  Outage;  etc,  as  required. 

b.  If  packaged  by  a  prior  shipper,  make  sure  the  packaging  is  correct 
and  in  proper  condition  for  transportation. 
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7.  Mark  the  Packaging  (Including  Overpacks) 

a.  ^ply  the  required  marking  (172.300);  Proper  shipping  name  and 
n?  number,  when  required  (172.301);  Name  and  address  of 
Consignee  and  Consignor  (172.306). 

required  markings,  see  *172.300  through 

172.33o. 
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8.  Prepare  Shipping  Papers 

a.  The  basic  requirements  for  preparing  shipping  papers  include* 
proper  shipping  name;  hazard  class;  ID  number;  total  quantity; 
shipper  s  certification. 

b.  Make  ^1  entries  on  the  shipping  papers,  using  the  information 
required,  and  in  proper  sequence  (172.202). 

c.  For  additional  requirements,  see  172.200  through  172.205. 

9.  Certification 


a.  Each  shipper  must  certify,  by  printing  (manually  or  mechanically) 
on  the  shippmg  papers,  that  the  materials  being  offered  for 
shipment  are  properly  classified,  described,  packaged,  marked, 
and  labeled,  and  are  in  proper  conditions  for  transponation 
according  to  the  applicable  DOT  Regulations  (172.204). 

10  Loading,  Blocking,  and  Bracing 

When  loading  hazardous  materials  into  the  transpon  vehicle  or  freight 
container,  each  package  must  be  loaded,  blocked,  and  braced  in 
accordance  with  the  requirements  for  the  mode  of  transport. 

a.  If  ±e  shipper  loads  the  freight  container  or  transport  vehicle,  the 
shipper  is  responsible  for  the  proper  loading,  blocking,  and  bracing 
of  the  materials.  The  packages  must  be  properly  labeled  as  to  the 
nght  side  up  and  samples  must  be  packed  to  avoid  damage  in  case 
of  overturmng. 

b.  If  carrier  personnel  do  the  loading,  the  carrier  is  responsible. 

11.  Determine  the  Proper  Placard(s) 

Each  person  who  offers  hazardous  materials  for  transponation  must 
determme  that  the  placarding  requirements  have  been  met. 

a.  I^r  highway,  unless  the  vehicle  is  already  correctly  placarded,  the 
snippy  must  provide  the  required  placard(s)  and  required 
identification  nuraber(s)  (172J06). 
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b.  For  rail,  if  loaded  by  the  shipper,  the  shipper  must  placard  the  rail 
car  if  placards  are  required.  (172.508) 


c.  For  air  and  water  shipments,  the  shipper  has  the  responsibility  to 
apply  the  proper  placards. 

12.  Hazardous  Waste/Hazardous  Substance 

a.  If  the  material  is  classed  as  a  hazardous  waste  or  hazardous 
substance,  most  of  the  above  steps  will  be  applicable. 

b.  Pertinent  Environmental  Protection  Agency  Regulations  are 
found  in  the  Code  of  Federal  Regulations,  Title  40,  Part  262. 

8.6  Chain-of-Custody  Guidelines 

The  term  "chain-of-custody"  refers  to  procedures  which  ensure  that  evidence  presented 
in  a  court  of  law  is  what  it  is  represented  to  be.  The  chain-of-custody  procedures  track  the 
evidence  from  the  time  and  place  it  is  first  obtained  to  the  courtroom.  These  procedures  also 
provide  an  auditable  trail  for  the  evidence  as  it  is  moved  and/or  passes  from  the  custody  of 
one  individual  to  another.  In  addition,' procedures  for  consistent  and  detailed  records  facilitate 
the  admission  of  evidence  under  Rule  803(b)  of  the  Federal  Rules  of  Evidence  (P.L  93-575). 

Chain-of-custody  procedures,  record  keeping,  and  documentation  are  an  important  part 
of  the  management  control  of  samples  in  the  HAZWRAP  program.  Regulatory  agencies  must 
be  able  to  provide  the  chain  of  possession  and  custody  of  any  samples  that  are  offered  for 
evidence,  or  that  form  the  basis  of  analytical  test  results  introduced  as  evidence.  Written 
procedures  must  be  available  and  followed  whenever  evidence  samples  are  colleaed, 
transferred,  stored,  analyzed,  or  destroyed. 

8.6.1  Sample  Identification 

The  following  information  shall  be  written  in  the  sample  log  book  when  in-situ 
measurements  or  samples  for  laboratory  analysis  are  collected: 

.  project  code; 

.  station  number, 

.  location  of  station; 

.  date  and  time  of  measurement; 

.  samples  used  (if  any); 

field  observations  (include  date  and  time); 

.  level  of  personnel  protection  (if  required); 
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equipment  used  to  make  physical  measurements  and  collect  samples;  and 


.  calibration  data  for  equipment  used. 

Measurements  and  observations  shall  be  recorded  using  black,  waterproof  ink. 

8..6.2  Sample  Label 

Samples,  other  than  in-situ  measurements,  are  removed  and  transported  from  the 
sample  location  to  a  laboratory  or  other  location  for  analysis.  Before  removal,  however,  a 
sample  is  often  divided  into  portions,  depending  upon  the  analyses  to  be  performed.  Each 
portion  is  preserved  in  accordance  with  the  Sampling  Plan.  Each  sample  container  is 
identified  by  a  sample  label  (see  Attachment  9.5). 

Sample  labels  are  provided  by  the  HAZWRAP  Program  Office.  The  sampler  fills  out 
the  following  information  on  the  sample  label: 

HAZWRAP  Work  Assignment  Number 

The  unique  sample  number  identifying  this  sample 

A  six-digit -number  indicating  the  month,  dav,  and  year  of 
sample  collection;  e.g.,  12/21/85 

A  four  digit  number  indication  the  24-hour  time  of 
collection  (for  example:  0954  is  9:54  a.m.,  and  1629  is  4:29 
p.m.) 

Water,  Soil,  Sediment,  Sludge,  Leachate,  etc. 

Grab  or  Composite 

Type,  quantity,  and  concentration  of  preservative  added 

Same  as  Analyses  on  Sample  Identification  Tag  (see 
Section  8.63) 

Name  of  the  sampler 

The  receiving  laboratory  assigns  the  lab#  to  the  sample 
label  (this  number  is  not  to  be  used  for  on-site  analyses) 

If  for  Contract  Lab  analysis,  include  the  Contract  Lab  case 
of  SAS  number,  and  Contract  Lab  sample  number  from  the 
traffic  report,  SAS  Packing  List,  or  Dioxin  Shipment 
Record.  Also,  pertinent  observations  of  the  sampler  (e.g., 
sequence  number  for  sequential  samples). 


Project 

Sample  Number 
Date 

Time 

Medium 
Sample  Type 
Preservation 
Analysis 

Sampled  by 
Lab# 

Remarks 
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8.6.3  Sample  Identification  Tag 

A  Sample  Identification  Tag  (Attachment  9.6)  must  also  be  used  for  samples  collected 
for  Control  Lab  analysis.  The  Sample  Identification  Tag  is  a  white,  waterproof  paper  label, 
approximately  3-by-6  inches,  with  a  reinforced  eyelet,  and  string  or  wire  for  attachment  to  the 
neck  of  the  sample  bottle.  The  sample  tag  is  a  controlled  document,  and  is  provided  by  the 
regional  EPA  office.  The  field  sampler  completes  the  sample  tag  and  attaches  the  sample  tag 
to  the  field  sample  container.  Following  sample  analysis,  the  sample  tag  is  retained  by  the 
laboratory  as  evidence  of  sample  receipt  and  analysis. 

The  following  information  is  recorded  on  the  tag: 

Site  Name/Project  Code  HAZWRAP  ,  Work  Assignment 

Number 


Field  Identification  or  Station  Number  Same  as  Sample  Number  on  Sample 

Label 


Month/Day/Y  ear 
Time 

Designate:  Comp/Grab 
Station  Location 

Type  of  Sample 

Samplers 

Signature 

Preservative 


Same  as  Date  on  Sample  Label 

Same  as  Time  on  Sample  Label 

Designate  the  sample  as  either  grab  or 
composite 

Site-specific  station  location 
designation  defined  in  Site  Operation 
Plan 

Type  of  Sample  (matrix),  and  a  brief 
description  or  the  sampling  location 

Same  as  Sampled  By  on  Sample  Label 

The  Sampler  signs  the  sample  tag 

Yes  or  No 


Analyses  Check  appropriate  box(es) 

Remarks  Same  as  Remarks  on  Sample  Label 

(make  sure  Contract  Lab  Case 
No/SAS  no.  and  Contract  Lab  sample 
numbers  are  recorded) 

Lab  Sample  No.  Same  as  Lab#  on  Sample  Label 

The  tag  is  then  tied  round  the  neck  of  the  sample  bottle. 

If  the  sample  is  to  be  split,  it  is  equally  divided  into  two  similar  sample  containers. 
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Identical  information  is  completed  on  the  label  attached  to  each  split  and  both  of  these  are 
marked  "Split"  on  the  "Remarks"  line. 

Blank,  duplicate,  or  field  spike  samples  shall  not  be  identified  as  such  on  the  label,  as 
this  may  compromise  the  quality  control  function. 

8.6.4  Chain-of’Custody  Procedures 

After  collection,  separation,  identification,  and  preservation,  the  sample  is  maintained 
under  chain-of-custody  procedures  until  it  is  in  the  custody  of  the  analytical  laboratory  and  has 
been  stored  or  disposed. 

Field  Custody  Procedures 

1.  Samples  are  collected  as  described  in  the  project-specific  Work  Plan. 

Care  must  be  taken  to  record  precisely  the  sample  location  and  to  ensure 
that  the  sample  number  on  the  label  exactly  matches  those  numbers  on 
the  sample  log  sheet  and  the  Chain-of-Custody  Record 

2.  The  person  undenaking  the  actual  sampling  in  the  field  is  responsible  for 
the  care  and  custody  of  the  samples  collected  until  they  are  properly 
transferred  or  dispatched. 

3.  When  phowgraphs  are  taken  of  the  sampling  as  part  of  the 
documentation  procedure,  the  name  of  the  photographer,  date,  time,  site 
location,  and  site  description  are  entered  sequen^ly  in  the  site  logbook 
as  photos  are  taken.  Once  developed,  the  photographic  prints  shall  be 
senally  numbered,  corresponding  to  the  logbook  descriptions. 

4.  Sample  labels  shall  be  completed  for  each  sample,  using  waterproof  ink 
unless  prohibited  by  weather  conditions,  e.g.,  a  logbook  notation  would 
explain  that  a  pencil  was  used  to  fill  out  the  sample  label  because  a 
ballpoint  pen  would  not  function  in  freezing  weather. 

8.6.5  Transfer  of  Custody  and  Shipment 

Samples  are  accompanied  by  a  Chain-of-Custody  Record  Form  (Attachment  9.7).  The 
appropriate  form  should  be  obtained  from  the  Office  in  which  the  work  takes  place.  When 
transferring  the  possession  of  samples,  the  individuals  relinquishing  and  receiving  will  sign, 
date,  and  note  the  time  on  the  Record.  This  Record  documents  sample  custody  transfer  from 
the  sampler,  often  through  another  person,  to  the  analyst  in  the  laboratory.  The  Chain-of 
Custody  Record  is  filled  out  as  follows: 

1.  Enter  header  information  (project  number  and  name.  Contract  Lab  case 
No.  or  SAS  No.).  For  each  station  number,  enter  date,  time, 
composite/grab,  station  location,  number  of  containers,  analytical 
parameters,  Traffic  Report/SAS  Packing  List/Dioxin  Shipment  Record, 
and  Sample  Identification  Tag  Number 

2.  Sign,  date,  and  enter  the  time  under  "Relinquished  by"  entry. 
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3.  Make  sure  that  the  person  receiving  the  sample  signs  for  the  "Received 
by"  entiy,  or  enter  the  name  of  the  carrier  (e.g.,  UPS,  Federal  Express) 
under  "Received  by".  Receiving  laboratory  will  sign  "Received  for 
Laboratory  by"  on  the  lower  line  and  enter  the  date  and  time. 

4.  Enter  the  bill-of-lading  or  Federal  Express  airbill  number  under 

"Remarks  or  Reason  for  Change  of  Custody",  if  appropriate.  ' 

5.  Place  ^e  original  (top,  signed  copy)  of  the  Chain-of-Custody  Recorded 
Form  in  the  appropriate  sample  shipping  package.  Retain  a  copy  with 
field  records. 

6.  Shipping  containers  should  be  secured  to  ensure  samples  have  not  been 
dismrbed  during  transport  by  using  nylon  strapping  tape  and  EPA  custody 

seals.  The  custody  seals  should  be  placed  on  the  containers  so  that  they  ' 
cannot  be  opened  without  breaking  the  seal. 

7.  Complete  other  carrier-required  shipping  papers. 

The  custody  record  is  completed  using  black  waterproof  inL  Any  corrections  are 
by  drawing  a  line  through  and  initialing  and  dating  the  change,  then  entering  the  correa ; 
informations.  Erasures  are  not  permitted. 

Common  carriers  will  usually  not  accept  responsibility  for  handling  Chain-of-Custody  I 
Record  Forms;  this  necessitates  packing  the  record  in  the  sample  container  (enclosed  with  the  ' 
other  documentation  is  a  plastic  zip-lock  bag).  As  long  as  custody  forms  are  sealed  inside  the 
sample  container  and  the  custody  seals  are  intact,  commercial  carriers  are  not  required  to  sign  ! 
off  on  the  custody  form, 

The  laboratory  representative  who  accepts  the  incoming  sample  shipment  signs  and 
dates  the  Chain-of-Custody  Record,  completing  the  sample  transfer  process.  It  is  then  the 
laboratory’s  responsibility  to  maintain  internal  log  books  and  custody  records  throughout  ' 
sample  preparation  and  analysis.  1 

8.6.6  Receipt  for  Samples  Form 

Whenever  samples  are  split  with  a  private  party  or  government  agency,  a  separate 
Receipt  for  Samples  Record  Form  (see  Attachment  9.9)  is  prepared  for  those  samples  and 
marked  to  indicate  with  whom  the  samples  are  being  split.  The  person  relinquishing  the 
samples  to  the  party  of  agency  shall  require  the  signature  of  a  representative  of  the 
appropriate  party  acknowledging  receipt  of  the  samples.  If  a  representative  is  unavailable  or  i 
refuses  to  sign,  this  is  noted  in  the  "Received  by "  space.  When  appropriate,  as  in  the  case  were  ' 
the  representative  is  unavailable,  the  custody  record  should  contain  a  statement  that  the 
samples  were  delivered  to  the  designated  location  at  the  designated  time.  This  form  must  be  i 
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completed  and  a  copy  given  to  the  owner,  operator,  or  agent-in-charge  even  if  the  offer  for 
split  samples  is  declined.  The  original  is  retained  by  the  Field  Operations  Leader. 

9.0  ATTACHMENTS 

9.1  DOT  Hazardous  Materials  Classification  (49  CFR  173.2). 

92  DOT  List  of  Class  "A"  Poison  (49  CFR  172. 101). 

9.3  Hazardous  Material  Shipping  Checklist. 

9.4  Standard  Industry  Certification  Form, 

9.5  Sample  Label. 

9.6  Sample  Identification  Tag. 

9.7  Chain-of-Custody  Record  Form. 

9.8  Chain-of-Custody  Seal. 

9.9  Receipt  For  Samples  Form. 
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DOT  HAZARDOUS  MATERIAL  CLASSIFICATION  (49  CFR  173.2) 

1.  Radioactive  material  (except  a  limited  quantity) 

2.  Poison  A 

3.  Flammable  gas 

4.  Nonflammable  gas 

5.  Flammable  liquid 

6.  Oxidizer 

7.  Flammable  solid 

8.  Corrosive  material  (liquid) 

9.  Poison  B 

10.  Corrosive  material  (solid) 

11.  Irritating  material 

12.  Comb^tible  liquid  (in  containers  have  capacities  of  110  gallons  [415 

13.  ORM-B 

14.  ORM-A 

15.  Combustible  liquid  (in  containers  having  capacities  of  110  gallons  1416 

hters]  or  less)  *  *• 

16.  ORM-E 
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DOT  LIST  OF  CLASS  "A"  POISON  (49  CFR  172.101) 


MATERIAL  PHYSICAL  STATE  AT 

TEMPERATURE  STANDARD  TEMPERATURE 


Arsine 

Gas 

Bromoacetone 

Liquid 

Chloropicrin  and  methyl  chloride  mixture 

Chloropicrin  and  nonflammable,  noniiquified 

Gas 

compressed  gas  mixture 

Gas 

Cyanogen  chloride 

Gas(>13.1°C) 

Cyanogen  gas 

Gas 

Gelatin  dynamite  (H.  E.  Germaine) 

— 

Grenade  (with  Poison  "A"  gas  charge) 

— 

Hexaethyl  tetraphosphate/compressed  gas  mixture 

Gas 

Hydrocynic  (prussic)  acid  solution 

Hydrocyanic  add,  liquefiedLiquid 

Insectidde  (liquefied)  gas  containing 

Liquid 

Poison  "A"  or  Poison  "B"  material 

Gas 

Methyldichloroarsine 

Liquid 

Nitric  oxide 

Gas 

Nitrogen  peroxide 

Gas 

Nitrogen  tetroxide 

Gas 

Nitrogen  dioxide,  liquid 

Gas 

Parathion/compressed  gas  mixture 

Gas 

Phosgene  (diphosgene) 

Uquid 
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HAZARDOUS  MATERIALS  SHIPPING  CHECKLIST 

Packaging 

Check  DOT  172300  table  for  appropriate  1)^36  of  package  for  hazardous  substance. 
Check  for  container  integrity,  especially  the  closure. 

Check  for  sufBcient  absorbent  material  in  package. 

Check  for  sample  tags  and  log  sheets  for  each  sample,  and  chain-of-custody  record. 

Shipping  Papers 

Check  that  entries  contain  only  approved  DOT  abbreviations. 

Check  that  entries  are  in  English. 

Check  that  hazardous  material  entries  are  specially  marked  to  differentiate  them  from 
any  nonhazardous  materials  being  set  using  same  shipping  paper. 

Be  careful  that  all  hazardous  classes  are  shown  for  multiclass  materials. 

Check  total  amounts  by  weight,  quantity,  or  other  measures  used. 

Check  that  any  limited-quantity  exemptions  are  so  designated  on  the  shipping  paper. 
Offer  driver  proper  placards  for  transporting  vehicle. 

Check  that  certification  is  signed  by  shipper. 

Make  certain  that  driver  signs  for  shipment. 

RCRA  Manifest 

Check  that  approved  state/federal  manifests  are  prepared. 

Check  that  transporter  has  the  following:  valid  EPA  identification  number,  valid 
driver’s  license,  valid  vehicle  registration,  insurance  protection,  and  proper  DOT  labels 
for  materials  being  shipped. 

Check  that  destination  address  is  correct. 

Check  that  driver  knows  where  shipment  is  going. 

Check  that  the  driver  is  aware  of  emergency  procedures  for  spills  and  accidents. 

Make  cenain  driver  signs  for  shipment 

Make  certain  one  copy  of  executed  manifest  and  shipping  document  is  retained  by 
shipper. 
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Pn>|«ct  Coda  Slallon  Na  Monlh/0«y/Y*«r  Tima  Qaalgnala: 

Comp.  I  Grab 
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SAMPLE  IDENTIFICATION  TAG 


'(r  cpo  sofr>ss3 


Presarvatlve: 

Yea  □  No  □ 

ANALYSES 

BOO  Anions 

Solids  (TSS)  (TOS)  (SS) 

COO.  TOC.  Nutrients 

8 

3 

Phenolics 

a 

e 

a 

Mercury 

« 

e 

Metals 

a 

a 

c 

Cyanide 

a 

VI 

Oil  and  Grease 

Organics  GC/MS 

Priority  Pollutants 

Volatile  Organics 

Pesticides 

Mutagenicity 

Bacteriology 

1 

1 

3 

VI 

Remarks 

TtoN*.  UeSMtpMNO. 

' 0  cnocc 
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CHAIN-OF-CUSTODY  SEAL 
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RECEIPT  FOR  SAMPLES  FORM 
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FIELD  PROCEDURE  FP  7-1 
AQUIFER  SLUG  TESTING 
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Procadura  No. 
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AQUIFER  SLUG  TESTING 

laaua  Data 

05/25/90 

Effactiva  Data 

07/02/90 

Suparaadat  Procadura 

Numbar  Rav.  Data 

630  FP1 

0 

AscmptMncm  •  Program  QA 

Approval  -  Program  Managar 

1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  define  the  requirements  for  performing  the  slug 
test,  which  is  a  single  well  hydraulic  test  to  determine  the  transmissivity  and  hydraulic 
conduaivity  of  an  aquifer. 

2.0  SCOPE 

The  slug  test  method  is  recommended  for  confined  aquifers  with  transmissivity  less  than 
7000  ft^day.  This  method  can  be  used  to  determine  estimates  of  transmissivity  for  an  aquifer 
in  the  immediate  vicinity  of  the  tested  well.  The  value  of  transmissivity  determined  fi-om  slug 
testing  will  apply  only  over  the  screened  interval.  The  test  can  be  performed  using  either  a 
rising  head  or  a  falling  head  method. 

3.0  REQUIREMENTS 

Prior  to  testing,  the  well  should  be  thoroughly  developed  and  water  levels  allowed  to 
stabilize.  Tests  performed  after  extended  periods  of  pumping  or  water  addition  may  yield 
inaccurate  results.  Decontaminate  slugs  prior  to  and  immediately  after  the  performance  of  the 
slug  test  according  to  appropriate  decontamination  procedures. 

4.0  REFERENCES 

4.1  American  Society  for  Testing  and  Materials,  1987.  ASTM  Method  D4630-86  and 
D4631-86,  Annual  Book  of  Standards,  ASTM,  Philadelphia,  PA 

4.2  Bouwer,  H.  and  R.C,  Rice,  1976.  A  Slug  Test  for  Determining  Hydraulic  Conductivity  of 
Unconfined  Aquifers  With  Completely  or  Partially  Penetrating  Wells,  Water  Resources  Research, 
Vol.  12,  No.  3. 

4J  Cedergren,  HJl.,  1977.  Seepage,  Drainage,  and  Flow  Nets  (2nd  Edition),  John  Wiley 
and  Sons,  Inc.,  New  York. 

4.4  Cooper,  Hilton  H.,  Jr.,  John  D.  Bredehoeft,  and  Stavros  S.  Papadopulos,  1967. 
Response  of  a  Finite-Diameter  Well  to  an  Instantaneous  Charge  of  Water,  Water  Resources 
Research,  Vol.  3,  No.  1. 

4.5  Freeze,  R.A.  and  JA.  Cherry,  1979.  Groundwater.  Prentice  Hall,  Englewood  Cliffs,  NJ. 
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4.6  In-Situ,  Inc,  1985.  Hermit  Environmental  Data  Logger  Model  SEIOOOB  Owner’s  Manual, 
Laramie  Wyoming. 

4.7  Lohman,  S.W.,  1972,  Ground-Water  Hydraulics,  U.S.  Geological  Survey,  Professional 
Paper  708. 

4.8  Papadopulos,  Stavros  S.,  John  D.  Bredehoeft,  Hilton  H.  Cooper,  Jr.,  1967.  On  the 
Analysis  of  ’Slug  Test’ Data,  Water  Resources  Research,  Vol.  9,  No.  4. 

4.9  U.S.  Department  of  Interior,  Bureau  of  Reclamation,  1974.  "Designation  E-18,  Field 
Permeability  Tests  in  Boreholes"  in  Earth  Manual,  2nd  Edition,  U.S.  Government  Printing 
Office,  No.  2403-00079. 

4.10  U.S.  Department  of  Interior,  1981.  Groundwater  Manual. 

5.0  DEFINITIONS 

HydrauUc  Conductivi^  (K)  -  A  quantitative  measure  of  the  ability  of  porous  material 
to  transmit  water.  Volume  of  water  that  will  flow  through  a  unit  cross-sectional  area  of  porous 
material  per  unit  time  under  a  hydrostatic  gradient.  Hydraulic  conductivity  is  dependent  upon 
properties  of  the  medium  and  fluid.  Also  referred  to  as  "permeability". 

Transmissivity  (D  *  A  quantitative  measure  of  the  ability  of  an  aquifer  to  transmit 
water.  It  is  the  product  of  the  (hydraulic  conductivity)  X  (saturated  thickness). 

Slug-test  -  A  rising  head  or  falling  head  test.  A  slug  test  consists  of  adding  a  slug  (of 
water,  or  a  solid  cylinder)  of  known  volume  to  ±e  well  to  be  tested  or  removing  a  known 
volume  of  water  and  measuring  the  rate  of  recovery  of  water  level  inside  the  well.  The  slug  of 
known  volume  acts  to  raise  or  lower  the  water  level  in  the  welL 

Rising-head  test  -  A  test  used  in  an  individual  well  within  the  saturated  zone  to  estimate 
the  hydraulic  conductivity  of  the  surroimding  formation  by  lowering  the  water  level  in  the  well 
and  measuring  the  rate  of  recoveiy  of  the  water  level.  The  water  level  may  be  lowered  by 
pumping  or  bailing.  Also  know  as  a  bail  test 

Falling  head  test-  A  test  used  in  an  individual  well  to  estimate  the  hydraulic 
conductivity  of  the  surrounding  formation  by  raising  the  water  level  in  the  well  by  insertion  of  a 
slug  or  quantity  of  water,  and  then  measuring  the  rate  of  drop  in  the  water  level. 

6.0  RESPONSIBILITIES 
6.1  Field  Operations  Leader 

The  Field  Operations  Leader  will  be  responsible  for  ensuring  that  complete 
documentation  is  available  for  boreholes  to  be  tested  and  for  overall  implementation  of  this 
procedure. 
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6^  Project  Hydrogeologist 

The  Project  Hydrogeologist  will  be  responsible  for  planning  and  overseeing  the  in-situ 
hydraulic  conductivity  (slug)  tests.  The  wells  to  be  tested  and  the  testing  methods  to  be  used 
should  be  determined  by  the  Project  Hydrogeologist.  He  should  also  supervise  the  testing 
program  to  ensure  that  valid  results  are  obtained. 

7.0  EQUIPMENT 

1.  Slugs  or  bailer  tube. 

2.  One-quarter  inch  nylon  rope. 

3.  Water  level  indicator. 

4.  Pressure  transducer-sensor. 

recording  ins^ent  such  as  the  Hermit  Environmental 
Data  Logger,  In  Site,  Inc.,  Model  SE  lOOOB. 

6.  Field  Logbook. 

7.  Aquifer  Test  Data  Form  (Attachment  9.1). 

8.0  PROCEDURE 

Aquifer  transmissivity  tests  (slug  tests)  are  accomplished  by  either  removal  of  a  quantity 
of  water  (nsmg  head)  or  introduction  of  a  metal  slug  or  quantity  of  water  (falling  head),  and 

then  allowing  the  water  level  to  stabilize.  Water  level  measurements  are  taken  at  closely 
spaced  intervals. 

8.1  Rising-Head  Test 

8.1.1  AU  equipment  will  be  decontaminated  according  to  appropriate  decontamination 
procedures. 

8.1.2  The  weU  should  be  opened.  When  wells  are  located  within  the  100  year  flood  plain,  and 
equipped  with  water  tight  caps,  the  weU  should  be  opened  at  least  24  hours  prior  to  testing  to 
allow  the  water  level  to  stabilize. 

8.U  The  Aquifer  Test  Data  form  (Attachment  9.1)  should  be  prepared  with  entries  for: 

.  Borehole/Well  number. 

•  Project  number. 

.  Projert  name. 

Aquifer  testing  team. 

.  Distance  from  pumping  wells  (if  appropriate). 
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.  Ground  surface  elevation. 


Top  of  well  casing  elevation. 

Measuring  equipment  being  used. 

.  Page  number. 

.  Static  water  level. 

.  Date. 

.  Time  intervals  (0,13»5,7,9,10,  and  12  minutes  and  every  three  minutes 

thereafter  through  60  elapsed  minutes,  then  in  10  minute  intervals  for  the 
next  hour,  and  in  30  minute  intervals  for  the  next  3  hours). 

8.1.4  The  electric  well  sounder  must  be  prepared  by  placing  a  piece  of  tape  lengthwise  along 
the  sounder  wire.  The  tjqje  should  extend  a  measured  distance  above  and/or  below  the  top  of 
the  surface  casing.  Those  lengths  will  depend  on  whether  a  falling  or  rising  head  test  is  used, 
and  how  much  drawdown  or  displacement  of  water  level  is  anticipated.  A  second  piece  of  tape 
should  be  placed  adhesive  side  down,  over  the  opposite  side  of  the  sounder  wire  and  onto  the 
adhesive  surface  of  the  first  piece  of  tape. 

8.1.5  The  soimder  must  be  lowered  into  the  well  to  the  top  of  the  static  water  level. 

8.1.6  A  rising  head  slug  test  will  be  conduaed  by  "instantly"  (as  rapidly  as  possible) 
withdrawing  a  quantity  of  water.  This  will  be  accomplished  be  using  a  bailer  or  pump  to 
remove  a  "slug"  of  water.  Alternatively,  a  volume  of  water  should  be  "removed"  from  the  well 
with  a  displacement  tube  by  lowering  in  a  water  displacement  tube,  allowing  static  water  levels 
to  be  re-established,  and  the  "instantly"  withdrawing  the  mbe. 

8.1.7  Immediately  after  the  slug  test  is  initiated  by  withdrawing  a  quantity  of  water  or  by 
using  the  water  displacement  tube,  water  levels  must  be  marked  directly  on  the  tape  on  the 
sounder  wire  at  the  pro-established  time  intervals.  The  top  of  the  surface  casing  will  be  used 
as  the  reference  point  One  person  will  call  out  the  times  for  measurements  and  another 
person  will  measure  water  levels  and  mark  the  tape.  Measuring  and  marking  of  the  tape 
should  continue  until  the  well  water  returns  to  its  initial  level. 

8.1.8  The  sounder  wire  should  be  removed  from  the  well,  the  head  elevations  measured  with 
a  measuring  tape,  and  measurements  recorded  at  the  appropriate  time  increments  on  the 
Aquifer  Test  Data  Form,  Attachment  9.1. 

8.1i>  The  values  should  be  plotted  on  semilog  paper  as  follows: 

.  Logarithmic  scale:  time 


1-252 


^thmetic  scale:  ratio  of  H/H 
initial  (static)  head] 


o  *  (depth  to  measured  head/depth  to 


8JS  Falling'Head  Test 

82.1  All  equipment  wiU  be  decontaminated  according  to  appropriate  decontamination 
procedures. 

8  J  J  The  well  should  be  opened.  When  wells  are  located  within  the  100  year  flood  plain 

and  equipped  with  water  tight  caps,  the  weU  should  be  opened  at  least  24  hours  prior  to  testing 
to  allow  the  water  level  to  stabilize. 

822  The  Aquifer  Test  Data  form  Attachment  1  should  be  prepared  with  entries  for; 

.  Borehole/Well  number. 


Project  number. 

Project  name. 

Aquifer  testing  team. 

Distance  from  pumping  wells  (if  appropriate). 
Ground  surface  elevation. 

Top  of  well  casing  elevation. 

Measuring  equipment  being  used. 

Page  number. 


Static  water  level. 
Date. 


Time  interv^  (0, 1, 3, 5,  7, 9,  10,  and  12  minutes  and  every  three  minutes 

minutes,  then  in  10  minute  mtervals  for  the 
next  hour,  and  m  30  minute  mtervals  for  the  next  3  hours). 


82.4  Tlie  electric  weU  sounder  must  be  prepared  by  placing  a  piece  of  tape  lengthwise  along 
the  sounder  wire.  The  tape  should  extend  a  measured  distance  above  and/or  below  the  top  of 
the  surface  casing.  Those  lengths  will  depend  on  whether  a  faUing  or  rising  head  test  is  used 
and  how  much  drawdown  or  displacement  of  water  level  is  anticipated.  A  second  piece  of  tape 

should  be^placed  adhesive  side  down  over  the  opposite  side  of  the  sounder  wire  and  onto  the 
adhesive  surface  of  the  first  piece  of  tape. 

82.5  The  sounder  must  be  lowered  into  the  well  to  the  top  of  the  static  water  level. 
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82.6  An  appropriate  transducer  should  be  placed  into  the  well  and  the  displaced  water 
allowed  to  return  to  its  static  level.  A  bailer  or  water  displacement  tube  that  has  a  diameter 
which  allows  removal  from  the  well  without  displacing  the  transducer  should  be  selected. 

82.7  Recording  of  data  by  the  logger  should  be  initiated  and  a  quantity  of  water  withdrawn 
or  displaced  as  described  above  in  Method  I. 

NOTE:  Proper  operation  of  the  In-Situ,  Inc.,  Hermit  Data  Logger  will  require 
use  of  the  Owner’s  Manual. 

82.8  When  the  water  level  has  returned  to  its  static  level,  data  recording  should  be  stopped, 
the  transducer  removed  from  the  well,  and  the  data  downloaded  from  the  logger  onto  a 
computer  for  analysis  (In-Situ,  Inc.,  1985). 

9.0  ATTACHMENTS 
9.1  Aquifer  Test  Data  Form 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  provide  general  reference  information  and  technical 
guidance  on  the  measurement  of  piezometric  head  levels  and  the  determination  of  the 
direction  of  ground-water  flow,  using  contour  maps  of  the  water  table  or  potentiometric 
surface  of  a  confined  aquifer. 

2,0  SCOPE 

This  procedure  gives  overall  technical  guidance  for  obtaining  piezometric  head 
measurements  in  wells  (frequently  conducted  in  conjtmction  with  ground-water  sampling)  and 
preparation  of  ground-water  contour  maps.  The  specific  methods  utilized  could  be  modified 
by  requirements  of  project-specific  work  plans. 

3.0  REQUIREMENTS 

Ground-water  level  measurements  can  be  made  in  monitoring  wells,  private  or  public 
water  weUs,  piezometers,  open  boreholes,  or  test  pits  (after  stabilization).  Ground-water 
measurements  should  generally  not  be  made  in  boreholes  with  drilling  rods  or  auger  flights 
present.  If  ground-water  sampling  activities  are  to  occur,  ground-water  level  measurements 
shall  take  place  prior  to  well  evacuation  or  sampling. 

4.0  REFERENCES 

4.1  HAZWRAP,  February  1989.  Quality  Control  Requirements  for  Field  Methods, 
DOE/HWP-69. 

42  Freeze,  RA.  and  JA.  Cherry,  1979.  Groundwater,  Prentice-Hall,  Englewood  Cliffs,  NJ. 
604  pp. 

5.0  DEFINITIONS 

.Artesian  Conditions  -  A  common  condition  in  a  confined  aquifer  in  which  the  water 
level  in  a  well  completed  within  the  aquifer  rises  above  the  top  of  the  aquifer. 

Confined  Aquifer  -  An  aquifer  confined  between  two  low  permeability  layers 
(aquitards). 
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Equipotential  Line  -  A  contour  line  on  the  potentiometric  surface  or  water  table 
showing  uniform  piezometric  head  levels.  Equipotential  lines  on  the  water  table  are  also 
called  water-table  contour  lines. 

Flow  Line  -  A  line  indicating  the  direction  of  ground-water  movement  within  the 
saturated  zone.  Flow  lines  are  drawn  perpendicular  to  equipotential  lines. 

Flow  Net  -  A  diagram  of  ground-water  flow,  showing  flow  lines  and  equipotential  lines. 
Piezometric  Head  -  The  height  to  which  water  will  rise  in  a  cased  well. 

Potentiometric  Surface  -  A  surface  which  is  defined  by  the  levels  to  which  water  will 
rise  in  cased  wells  which  are  screened  in  a  specified  zone  of  an  unconfined  aquifer  or  in  a 
confined  aquifer. 

Unconfined  (water  table)  aquifer  -  An  aquifer  in  which  the  water  table  forms  the  upper 
boundary. 

Water  Table  -  A  surface  in  an  aquifer  where  ground-water  pressure  is  equal  to 
atmospheric  pressure  (Le.,  the  pressure  head  is  zero)  and  below  which  all  strata  are  saturated 
with  water. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader/Project  Hydrogeologist  -  has  overall  responsibility  for 
obtaining  water  level  measurements  and  developing  ground-water  contour  maps.  The 
hydrogeologist  shall  specify  the  reference  point  from  which  water  levels  are  measured  (usually 
a  specific  point  on  the  upper  edge  of  the  inner  well  casing),  the  number  of  data  points  needed 
and  which  wells  shall  be  used  for  a  contour  map,  and  how  many  complete  sets  of  water  levels 
are  required  to  adequately  define  ground-water  flow  directions  (e.g.,  if  there  are  seasonal 
variations). 

6.2  Field  Personnel  -  must  have  a  basic  familiarity  with  the  equipment  and  procedures 
involved  in  obtaining  water  levels,  and  must  be  aware  of  any  project-specific  requirements. 

7.0  EQUIPMENT 

The  equipment  used  to  make  water  level  measurements  consists  of  the  following: 

7.1.  Steel  retractable  engineer’s  measuring  tape  calibrated  to  0.01  foot. 

12.  Electronic  water  level  indicator  with  the  probe  tape  calibrated  at  minimum  of  1.0  foot 
increments. 

12  Portable  HNu  photoionization  detector. 

7.4  Methanol  and  deionized  water  for  decontamination  of  the  water  level  indicator. 

12  Ground-water  Sampling  Form. 
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8.0  PROCEDURE 


8.1  General 

.  Initial  monitoring  of  the  well  headspace  and  breathing  zone 
concentrations  using  a  PID  (HNU)  or  FID  (OVA)  and  combustible  gas 
meters  shall  be  evaluated  by  the  health  and  safety  officer  to  determine 
required  levels  of  protection. 

All  ground-water  level  measurements  shall  be  made  to  the  nearest  0.01 
foot,  and  recorded  in  a  logbook  or  Ground-water  Sampling  Form 
(Attachment  9.1).  In  measuring  ground-water  levels,  there  shall  be  a 
clearly-established  reference  point  of  known  altitude,  which  is  normally 
identified  by  a  painted  mark  at  one  point  on  the  upper  edge  of  the  inner 
well  casing.  TTie  field  notes  recordeci  must  clearly  describe  the  reference 
used.  To  be  txseful,  the  reference  point  should  be  tied  in  with  an 
established  USGS  benchmark  or  other  properly  surveyed  altitude  datum. 
Typically,  altitude  reference  data  are  tied  to  mean  sea  level,  as 
determined  by  the  1929  General  Adjustment.  An  arbitrary  datum  could 
be  used  for  an  isolated  group  of  wells  if  necessary. 

.  After  a  monitoring  or  ground-water  observation  well  has  been  installed 
and  the  ground-water  level  has  stabilized,  the  initial  depth  to  the  water 
shall  be  measured  and  recorded.  The  date  and  time  of  the  reading  must 
be  recorded.  Information  related  to  precipitation  should  be  included  in 
the  data.  The  total  depth  of  the  well  shall  be  measured  and  recorded. 

.  Cascading  water  within  a  borehole  can  cause  false  readings  with  some 
types  of  sounding  devices  (chalked  line,  electrical).  Oil  layers  may  also 
cause  problems  in  determining  the  true  water  level  in  a  well. 

Water  level  readings  shall  be  taken  regularly,  as  required  by  the  site 
hydrogeologist  All  water  level  measurements  at  a  site  used  to  develop  a 
ground-water  contour  map  must  be  made  in  the  shortest  time  practical, 
and  at  least  during  the  same  day. 

8.2  Water  Level  Measuring  Techniques 

There  are  several  methods  for  determining  standing  or  changing  water  levels  in 
boreholes  and  monitoring  wells.  Certain  methods  have  particular  advantages  and 
disadvantages  depending  upon  well  conditions.  A  general  description  of  these  methods  is 
presented,  along  with  a  listmg  of  various  advantages  and  disadvantages  of  each  technique.  An 
effective  techmque  shall  be  selected  for  the  particular  site  conditions  by  the  onsite 
hydrogeologist 

Water  levels  can  be  measured  by  several  different  techniques,  but  the  same  steps  shall 
be  followed  in  each  case.  The  proper  sequence  is  as  follows; 

1.  Check  operation  of  recording  equipment  above  ground.  Prior  to  opening 
the  well,  don  personal  protective  equipment  as  required.  Wells  that  have 
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been  completed  with  a  water-tight  cap  should  be  opened  at  least  24  hours  I 

prior  to  measurement  to  allow  the  water  level  to  stabilize. 

2.  All  ground-water  level  measurement  devices  must  be  decontaminated 
before  and  after  each  use  to  prevent  cross  contamination  of  wells. 

3.  Record  all  information  specified  below  on  a  Ground-water  Sampling 
Form  (Attachment  9.1)  or  in  field  notebook  if  the  form  is  not  available. 

4.  Record  well  number,  top  of  casing  altitude  and  surface  altitude  if  , 

available.  Well  diameter  and  total  depth  should  be  recorded.  Water 

levels  shall  be  taken  fi’om  the  surveyed  reference  mark  on  the  top  edge  of  * 

the  iimer  well  casing. 

5.  Record  water  level  to  the  nearest  0.01  foot  (0J3  cm).  | 

6.  Record  the  time  and  day  of  the  measurement. 

7.  Many  water  level  measuring  devices  have  marked  metal  or  plastic  bands  ' 

clamped  at  intervals  along  ±e  measuring  line  used  for  reference  points  to 

obtam  depth  measurements.  The  spacmg  and  accuracy  of  these  bands  i 

shall  be  checked  frequently  as  they  may  loosen  and  slide  up  or  down  the 
line,  resulting  in  inaccurate  reference  points. 

83  Water  Level  Measuring  Devices 

Electric  Water  Level  Indicators 

These  devices  consist  of  a  spool  of  small-diameter  cable  and  a  weighted  probe  attached  i 
to  the  end.  When  the  probe  comes  in  contact  with  the  water,  an  electrical  circuit  is  closed  and  I 
a  meter,  light,  and/or  buzzer  attached  to  the  spool  will  signal  the  contract. 

There  are  a  number  of  commercial  electric  soimders  available,  none  of  which  is  entirely 
reliable  under  all  conditions  likely  to  occur  in  a  contaminated  monitoring  well.  In  conditions 
where  there  is  oil  on  the  water,  ground-water  with  high  specific  conductance,  water  cascading 
into  the  well,  or  a  turbulent  water  surface  in  the  weU,  measuring  with  an  electric  sounder  may 
be  difficult  I 

For  accurate  readings,  the  probe  shall  be  lowered  slowly  into  the  well.  The  electric  I 
tape  is  marked  at  the  measuring  point  where  contact  with  the  water  surface  was  indicated. 
The  distance  from  the  mark  to  the  nearest  tape  band  is  measured  using  an  engineer’s  folding 
ruler  or  steel  tape  and  added  or  subtracted  to  the  nearest  band  reading  to  obtain  the  depth  to 
water.  Band  spacing  shall  be  checked  periodically. 

Chalked  Steel  Tape 

Water  level  is  measured  by  chalking  a  weighted  steel  tape  and  lowering  it  a  known  i 
distance  (to  any  convenient  whole  foot  mark)  into  the  well  or  borehole.  Water  level  is 
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determined  by  subtracting  the  wetted  chalked  mark  from  the  total  length  lowered  into  the 
hole.  The  tape  shall  be  withdrawn  quickly  from  the  well  because  water  has  a  tendency  to  rise 
up  the  chalk  due  to  capillary  action. 

Disadvantages  to  this  method  include  the  following:  Depths  are  limited  by  the 
inconvenience  of  using  heavier  weights  to  properly  tension  longer  tape  lengths  (typically,  100 
foot  tapes  require  a  10  to  12  pound  weight  to  tension  adequately);  ineffective  if  borehole/well 
wall  is  wet  or  inflow  is  occurring  above  the  static  water  level;  chalking  the  tape  is  time 
consuming;  difficult  to  use  during  periods  of  precipitation. 

Popper  or  Bell  Sound 

A  bell  or  cup  shaped  weight  that  is  hollow  on  the  bottom  is  attached  to  a  measuring  tape  and 
lowered  into  the  well.  A  "plopping"  or  "popping"  sound  is  made  when  the  weight  strikes  the 
surface  of  the  water.  An  accurate  reading  can  be  determined  by  lifting  and  lowering  the 
weight  in  shon  strokes,  and  reading  the  tape  when  the  weight  streaks  the  water.  This  method 
is  not  sufficiently  accurate  to  obtain  water  levels  to  O.Ol'feet,  and  thus  is  more  appropriate  for 
obtaining  only  approximate  water  levels  quickly. 

Float  Recorder 

A  float  or  an  electromechanically  actuated  water-seeking  probe  may  be  used  to  detea 
vertical  changes  of  the  water  surface  in  the  hole.  A  paper-covered  recording  ,  chan  drum  is 
rotated  by  the  up  and  down  motion  of  the  float  via  a  puUey  and  reduaion  gear  mechanism, 
while  a  clock  drive  moves  a  recording  pen  horizontally  aaoss  the  chart  To  ensure  continuous 
records,  the  recorder  shall  be  inspeaed,  maintained,  and  adjusted  periodically. 

9.0  ATTACHMENTS 

9.1  Ground-water  Sampling  Form. 
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3.  GROUNDWATER  SAMPLING  FORM 


1. 

2. 

3. 

4. 

5. 


6. 


Date /Time 
Location 
Well  No. 


Sample  No. 


Total  Depth 


Sketch  on  Back  [Y  or  N) 


Depth  to  Screen/Length(s) 

[Y  or  N]  Well  Secure?  Comments 


Number  of  Screened  Interval(s) 


7. 

8. 


9. 


10. 


11. 


12. 


13. 

14. 

15. 


16. 


17. 


Sampler  Other  present  “ 

Organic  Vapor  Detector  FEL  No.  _ .  Reading - - - 

Weather:  Wind  _ ,  Precipitation  _ ,  Air  Temperature - 

Water  Level  Measurement:  FEL  No.  - 

[Y  or  N]  Well  Labeled  _ ,  Elev.  Ref.  For  Water  Level 

Comments 

Depth  to  Product  Depth  to  Interface/Water  Thickness 

1st 


Casing  Type  _ ,  i.d.  _ ,  Gal/Ft. 

(Show  derivation  for  gal/ft  of  casing)  - 

Total  Depth  _ _  -  Depth  to  Water  »  Ht. 

Well  Volume  _  .  Ht.  _  *  Gal /Ft.  - 

R®Q^ired  Purge  Volume  ^  Actual  Purge 

FEL  No.  's  Cond.  _  pH  _  Temp.  _  Redox  _ 

Cond.  JJmhos/cm  pH  Temp.  Redox  mv 

Initial 


(Purged 

cycle) 


Sample 


Sample  Type  and  FEL  No. 


18.  [Y  or  N]  Turbid  _ ,  Purge  Water  Containerized 

19.  Sample  Filtered  _ ^  Filter  Size 

20.  Reviewed  By  _ _ _  Date/fliiiS 

Form  Complete?  (Y  or  N] 

Decon  Complete?  [Y  or  N]  _ 
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BOREHOLE  LOGGING 

05/25/90 

07/02/90 

Suparsadas  Procadura 

Numbar 

Rav.  Data 

630  FP  24 

0 

Acc«ptane«  •  Program  QA 

Approval  -  Program  Manager 

1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  define  the  requirements  necessary  for  borehole  and 
sample  logging.  Consequently,  the  major  objectives  of  this  plan  are  to  provide  a  uniform  set  of 
guidelines  that  will  aid  in  developing  consistency  among  sample  descriptions  and  sample 
techniques.  The  importance  of  accurate,  complete,  clear,  and  concise  logs  cannot  be 
overemphasized. 

2.0  SCOPE 

This  procedure  applies  to  descriptions  of  the  standard  techniques  used  for  logging 
boreholes  and  logging  soil/rock  samples. 

3.0  REQUIREMENTS 

Careful  field  documentation  and  sample  description  is  necessary  to  ensure  that  logging 
is  done  in  a  consistent  manner 

4.0  REFERENCES 

4.1  Compton,  R.  R.,  1962.  Manual  of  Field  Geology,  John  Wiley  and  Sons,  Inc.,  New  York 

42  Folk,  R.  L.,  1968.  Petrology  of  Sedimentary  Rocks,  Hemphills  Bookstore,  Austin,  Texas 
p.  170. 

4.3  HAZWRAP,  February  1989,  Quality  Control  Requirements  for  Field  Methods 
DOE/HWP^9. 

4.4  U.S.  Army  Corps  of  Engineers,  1953.  The  Unified  Soil  Classification  System,  Technical 
Memorandum  No.  3-357  (Vol.  1),  Waterways  Experimental  Station  Usage,  Vicksburg,  MS. 

4.5  Lewis,  D.W,,  1984.  Practical  Sedimentology,  Van  Nostrand  Reinhold  Company  Inc 
NY,  NY. 

4.6  Pettijohn,  FJ.,  1975.  Sedimentary  Rocks,  Harper  &  Row,  New  York. 

5.0  DEFINITIONS 

This  section  provide  information  that  is  commonly  used  in  borehole  sample 
descriptions  (also  see  Section  9.0  Attachments). 
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Bedding  -  Term  signifying  the  existence  of  beds  or  layers  (strata),  laminae,  or  other  1 
tabular  and  essentially  horizontal  units.  j 

Cohesive  -  Having  the  capacity  to  stick  or  adhere  together.  In  effect,  the  cohesion  of 
soil  is  that  pan  of  its  shear  strength  which  does  not  depend  on  interpanicle  friction. 

Color  -  Color  should  be  described  using  a  Munsell  color  chart,  and  only  colors  listed  in 
that  chan  should  be  used.  If  the  colors  in  the  sample  are  vanable,  adjectives  such  as  "mottled"  | 
or  "banded"  may  be  used  as  appropriate  (available  from  USGS,  see  Attachment  9.1). 

Conchoidal  -  Shell-like  surface  form  produced  by  fracture  of  a  brittle  material.  I 

Consistency  -  Consistency  is  the  density  or  strength  of  the  soil,  and  is  a  primary  factor  in  ‘ 

engineering  investigations  (see  Attachment  9.2). 

Fabric  -  The  orientation  of  the  panicles  composing  a  soil  or  rock.  i 

Friable  -  Easily  crumbled.  I 

Grading  -  Degree  of  mixing  of  size  classes  in  a  sedimentary  material.  Well  graded 
implies  more  or  less  uniform  distribution  from  coarse  to  fine;  poorly  graded  implies  uniformity  i 
in  size  or  lack  of  a  continuous  distribution  (also  see  soning).  I 

Grain  Size  -  The  size  of  particles  within  a  rock  or  a  soil  sample  (see  Attachment  9.3), 
Moisture  -  The  degree  of  wetness  of  a  soil,  i.e.  dry,  damp,  moist,  and  wet.  j 

Plasticity  -  The  property  of  a  material  which  enables  it  to  undergo  permanent 
deformation  without  appreciable  volume  change  or  elastic  rebound,  and  without  rupture.  I 

Slickensides  -  Polished  and  striated  (scratched)  surface  that  results  from  friction  along  ' 

a  fault  plane.  Apparent  slickensides  can  sometimes  be  created  during  the  drilling  process.  . 

Soil  Classification  -  see  Attachment  9.7  | 

Sphericity  &  Roundness  -  See  Attachment  9.6. 

Texture  -  Geometric  aspects  of  the  component  particles  of  a  soil  or  rock,  including  size, 
shape  and  arrangement. 

6.0  RESPONSIBILITIES 

6.1  Field  Operations  Leader 

The  Field  Operations  Leader  is  responsible  for  ensuring  that  field  personnel  have  been  I 
trained  in  the  use  of  this  procedure,  for  verifying  that  monitoring  well  installation  activities  are  i 
performed  in  compliance  with  this  procedure,  and  to  ensure  consistency  in  logging  between  i 
Field  Geologists. 

6.2  Field  Geologist  and/or  Field  Technician  1 

The  Field  Geologist  is  responsible  for  on-site  monitoring  of  drilling  and  soil  ^mpling  j 

operations,  for  recording  (logging)  pertinent  information  regarding  the  geologic  materials 
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penetrated  during  the  operations,  and  that  the  well  and  sample  numbering  system  follows  that 
described  in  the  Quality  Assurance  Projea  Plan  (QAPP). 

7.0  EQUIPMENT 

The  following  is  a  list  of  required  and  optional  equipment  necessary  for  borehole 
logging. 

7.1  Required  Equipment 

1.  Clipboard 

2.  Drilling  record  forms 

3.  Portable  organic  vapor  detector 

4.  Field  book,  straight  edge  and  black  permanent  ink 

5.  100  foot  engineer’s  tape  (weighted) 

6.  Folding  rule  or  tape  measure 

7.  Sand  gauge 

8 .  Color  chart 

9.  Acid  bottle 

10.  Water  level  indicator 

11.  Site  map 

12.  Copy  of  drilling  contract 

13.  Copy  of  Statement  of  Work  and/or  Project  Work  Plan 

14.  Waterproof  marking  pen 

15.  Sample  Jms  or  bags 

7.2  Optional  Equipment 

1.  Hand  lens 

2.  Brunton  compass 

3.  Pocket  penetrometer 

4.  Equipment  pouch 

5.  Flagging  tape 

6.  Cooler  and  water  bottles 
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7.  Flashlight 


8.  Rock  hammer 

8.0  PROCEDURE 

8.1  Recording  Data 

Borehole  information  is  recommended  in  the  field  logbook  (See  FP  1*2). 

In  addition  to  the  field  logbook  it  is  required  that  soil  logging  data  be  recorded  on  a 
pre-printed  boring  log  (Attachment  9.8).  This  activity  is  usually  accomplished  in  the  field 
office  and  is  done  to  provide  a  clear  and  concise  record  of  borehole  lithology.  Secondly,  this 
method  allows  a  rapid  means  in  which  data  can  be  discussed  and  interpreted. 

8.2  Information  to  be  Gathered  During  Borehole  Logging 

Soil  sampling  is  performed  using  a  method  such  as  split  spoon  or  continuous  coring. 
The  obtained  soil  sample  is  immediately  scaimed  with  a  portable  organic  vapor  detector  and 
the  reading  recorded  on  the  log  form.  Selection  of  soil  sampling  intervals  for  chemical  analysis 
may  be  based  on  the  results  of  the  scan  with  the  portable  organic  vapor  detector  or  by  visual 
confirmation  of  contamination  such  as'discolorization.  The  sampling  intervals  should  be  noted 
on  the  log  form. 

The  percent  recovery  of  core  is  noted  and  recorded  on  the  log  form.  This  number  is  the 
ratio  of  the  actual  core  recovered  over  the  interval  in  which  the  sample  was  taken.  For 
instance,  if  a  continuous  core  barrel  goes  down  five  feet  but  only  four  feet  are  retained  by  the 
core  barrel,  then  there  was  an  80  percent  core  recovery. 

The  most  important  information  on  the  form  is  the  description  of  each  sample  or 
geologic  unit.  Any  obvious  features  related  to  contamination  should  also  be  noted  such  as 
odor  or  staining.  The  description  of  lithologic  samples  should  include  color,  consistency, 
texture,  mineralogy,  and  moisture  of  the  sample  or  unit.  These  characteristics  should  be 
described  according  to  guidelines  given  in  the  attachments. 

8.3  Logging  Guidelines 

For  accuracy  and  consistency,  boring  log  descriptions  should  generally  be  completed  in 
the  following  order.  Refer  to  the  listed  attachments  for  guidance. 

1.  Material  type  -  Attachment  9.1,  Attachment  9.4. 

2.  Color.  Color  should  be  described  using  a  Munsell  color  chart,  and  the 
colors  listed  in  that  chart  only.  If  the  colors  in  the  sample  are  variable, 
adjectives  such  as  "mottled"  or  "banded"  may  be  used  as  appropriate 
(Attachment  9.2). 

3.  Consistency.  Consistency  is  the  density  or  strength  of  the  soil,  and  is  a 
primary  factor  in  engineering  investigations.  It  is  also  an  important  part 
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of  geologic  and  hydrogeologic  investigations  (Attachment  9.3) 


Texture.  Texture  describes  the  size  and  shape  of  soil  grains  and  is  often 
the  most  important  characteristic  of  a  soil.  The  first  step  in  describing 
texture  is  to  determine  whether  the  soil  consists  primarily  of  sand  and 
pavel  (pa^cle  size  greater  than  63  micrometers)  or  fines  (particle  size 
less  than  63  miCTometers).  In  the  written  description,  the  major  soil 
component  should  be  given  first  and  be  capitalized  or  underlined  The 
pomons  of  smd,  gravel  and  fines  should  be  described  using  oiilv  the 
following  semi-quantitative  adjectives:  ^ 


Estimated  Percent 
Adjective  of  Total  Sample 


Trace 

Little 

Some 

And 


0-5 

5-12 

12-30 

30-50 


For  example  -  SAND,  some  clay.  NOT  Sand,  lots  of  clay  or  Clavev  sand 
Reference  Attachment  9.4 


Description  of  mineralogy  should  be  as  simple  as  possible  and  above  all 
accurate.  Relatively  common  mineralogic  descriptions  may  be  used  as 
adjectives: 

Arkosic 

Calcareous 

Feldspathic 

Glauconitic 

Micaceous 

More  complicated  descriptions  should  generally  be  enclosed  in 
parentheses. 


Moisture  Content  If  the  drilling  method  permits,  the  moisture  content  of 
the  sample  (dry,  moist  or  wet)  should  be  noted. 

Geologic  Interpretation.  If  the  logger  is  familiar  with  the  site  geology  and 
confident  of  the  mterpretation,  a  brief  interpretation  of  the  soil  (i.e. 
saprohM  ,  Tieach  sand",  "loess",  etc.)  may  be  added  in  parentheses  at  the 
end  of  the  description.  This  is,  of  course,  no  substitute  for  a  complete  soil 
descnpuon.  ^ 


9.0  ATTACHMENTS 
9.1  Grain  Size. 

92  Color. 

92  Field  Criteria  Used  in  Determining  Soil  Consistency. 

9.4  Lithology. 

9.5  Sorting. 

9.6  Sphericity  and  Roundness. 
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9.7  Soil  Classification  Abbreviations. 

9.8  Sample  HAZWRAP  Boring  Log  Form. 
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GRAIN  SIZE 

Grain  Size  -  For  consistent  descriptions  of  grain  size,  the  grain  size  classification 
scheme  of  Wentworth  (1922)  should  be  used.  It  is  also  advantageous  to  cany  a  pocket  grain 
size  card  to  aid  in  quick  grain  size  classification  in  the  field. 

Wentworth  Grain  Size  Classification  Scheme 


Approximate 

Exact  Size  inch 

Limits  Equivalents 

(™n)  (in.)  Sediment 


256 

<10 

64  -  256 

2.5-10 

32-64 

12 -2J 

16-32 

0.6  - 12 

8-16 

02-0.6 

4-8 

0.15  -  02 

2-4 

0.08  -  0.15 

1*2  0.04 . 0.08 

0.5  - 1  0.02  -  0.04 

0.25  -  0.5  0.01  -  0.02 

0.125  -  025  0.005  -  0.01 

0.0625  -  0.125  0.002  -  0.005 

0.0039  -  0.0625  0.00015  -  0.002 

Smaller  than  0.0039  <  0.00015 


Boulder  gravel 

Cobble  gravel 

Very  coarse  pebble  gravel 

Coarse  pebble  gravel 

Medium  pebble  gravel 

Fine  pebble  gravel 

Granule  (or  very  fine 

pebble)  gravel 

Very  coarse  sand 

Coarse  sand 

Medium  sand 

Fine  sand 

Very  fine  sand 

Silt 

Clay  (clay-size  materials) 


ATTACHMENT  9^ 
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COLOR 


Color  -  The  definition  of  color  is  self-explanatory;  however,  the  Field  Geologist  should 
be  aware  to  note  both  the  fresh  and  weathered  color  of  a  soil  or  rock  sample.  Note  that  soils 
should  be  wet  before  classifying  the  color.  For  consistent  descriptions  of  color,  the  Munsell 
color  charts  should  be  used.  These  are  distributed  by; 

The  Geological  Society  of  America 
Post  Office  Box  9140 
Boulder,  CO  80401 


For  mixed  lithologies  within  a  common  interval,  provide  relative  percentages  of  the  two  or 
more  lithologies  within  parentheses  following  the  lithologic  name.  For  example,  SAND  fine 
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COMMONLY  USED  CRITERIA  FIELD  CRITERIA  USED  FOR  DETERMINING  SOIL 

CONSISTENCY 

SOIL  CONSISTENCY  AS  DETERMINED  BY  POCKET  PENETROMETER 


Uncoufined  Compressive  Strength 
of  Fine  Grained  Soils 
(AFter  Terzaghi  and  Peck) 


Term 

Kips/ft^ 

kN/m2 

Field  Test  (After 
Cooling,  Skempton, 
and  Glossip) 

Very  soft 

0-0.5 

0-25 

Squeezes  between  fingers 
when  fist  is  closed. 

Soft 

0-5.1 

25-50 

Easily  molded  by  fingers 

Finn 

1-2 

50-100 

Molded  by  strong  pressure 
of  fingers. 

Stiff 

2-3 

100-150 

Dented  by  strong  pressure 
of  fingers. 

Very  Stiff 

3-4 

150-200 

Dented  only  slightly  by 
finger  pressure. 

Hard 

4+ 

200+ 

Dented  only  slightly  by 
pencil  point. 
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COMMONLY  USED  CRITERIA  FIELD  CRITERIA  USED  FOR  DETERMINING  SOIL 

CONSISTENCY  (Continued) 


Consistency  of  Fine  Grained  Relative  Density  of  Sand 

Soils  -  Standard  Penetration  Standard  Penetration  Test 

Test  (After  Terzaghi  and  Peck)  (After  Terzaghi  and  Peck) 


Blows  6-inch 
Penetration 

Consistency 

Blows  6-inch 
Penetration 

Relative  Density 

0-1 

Very  soft 

0-5 

Very  loose 

2-4 

Soft 

5-10 

Loose 

5-8 

Firm 

11-20 

Firm 

9-15 

Stiff 

21-30 

Very  firm 

16-30 

Very  Stiff 

31-50 

Dense 

31+ 

Hard 

51  + 

Very  dense 
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COMMON  SYMBOLS  USED  IN  THE  LITHOLOGIC  DESCRIPTION  OF  SOIL 

AND  ROCK  SAMPLES 

SURFICIAL 


V-*"  *  % 

V*  i 

1 

1 

w 

PS 

i 

i 

i 

1 _ 

GLACIAL  TIU 
anO  moraines 

CUCIAL  TILL 

ANP  moraines 

GRAVEL  AND 

stratified  oRin 

uocss 

SAND 

SOIL.  SILT. 

OR  ALLUVIUM 

SEDIMENTARY 


COAL 


UWESTONC, 

CRYSTALUHC 


COAL,  50NT 
OR  lUFURC 


UMESTOHC. 
UASSIVCIT  8£00£0 


IIBBI 

■ 

hb^bhsb 

IMBHHi 

qUARTZItt  ROCX,  WOSRWATt 


SANOSTONL,  5HALT  SHAL£ 

OR  THlN*a£D0e0 


CHAU  CMCRT.  BEOOEO  CLAT 


COAU  CANNCL 


LIUCSTONE*  SANOT 


salt 


shall,  cannll 


cohcloulrate 


LIULSTONL.  SHALT 


SANCSTONL. 

8C00E0 


SHAU. 

car&omaclous 


SAHOSTONC, 

CALCAREOUS 


shall,  oil 


CLAT,  FIRE 
OR  rUKT 


e. 


UUCSTONE.  CMERH 


UUESTOHE, 

ARGILLACEOUS 


PEAT 


METAMORPHIC 


uarble 


schist,  cohtortlo  schistose  or 

CHEISSOlO  CRAHITE 


BASALTIC  flows 


ore.  leah 


massive  igneous 


p 


P-Viw, 


BCDOEO  UVA 

(ahoesitic) 


QUARTZ 


IGNEOUS  AND  VEIN  MATTER 


ROCK,  BRECaATEO 


ROCK 

massive  igneous 


ROCK 

massive  igneous 


ROCK 

MASSIVE  IGNEOUS 


ROCK 

massive  igneous 


MASSIVE  IGNEOUS 

7TTTV 


massive  tCNECUS 

mm 

I.  % .  H 

/  ^  >  >•  *  *1 

vOLCAWiC  breccia 


massive  igneous 


massive  igneous 


VOLCANIC  0?;iCCIA 
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The  generally  accepted  standard  for  describing  the  degree  of  sorting  in  a  soil  or  rock 
sample  is  based  on  the  Folk  Classification  Scheme,  1968. 


SPHERICITY  AND  ROUNDNESS 


ATTACHMENT  9.6 
FP7.3 


Sphericity  is  a  mesure  of  how  nearly  equal  the  axial  dimensions  of  a  particle 
are.  True  sphericity  is  the  surface  area  of  a  grain  divided  into  the  surface  area  of  a 
sphere  of  the  same  volume. 

Operational  sphericity  is: 


where  Vp  =  volume  of  particle  and  Vcw  =  volume  of  smallest  sphere  that 
would  enclose  the  particle.  Vcs  is  approximated  by 


where  I  =  intermediate  axis,  S  =  shon  axis,  and  L  =  long  axis- 


L-I 

L-S 
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SPHERICITY  AND  ROUNDNESS  (Continued) 

Roundness  indicates  the  extent  of  abrasion  the  grains  have  undergone. 
Extent  of  abrasion  reflects  overall  transport  history  but  does  not  necessarily  reflect 
the  distance  the  grains  have  traveled  from  their  source  -  rounded  grains  may  have 
been  derived  locally  from  a  sedimentary  rock,  or  may  have  been  extensively  abraded 
in  an  environment  near  the  source,  such  as  a  beach  adjacent  to  a  cliff. 

Quantitatively,  true  roundness  is  generally  expressed  by  the  formula: 

where  r  -  radius  of  curvature  of  grain  comers,  R  -  radius  of  largest  inscribed  circle, 
and  N  -  number  of  comers. 

Unless  highly  detailed  work  is  justified  by  the  likely  results,  practical 
measures  of  roundness  rely  on  visual'  comparison  with  standard  silhouette  charts. 


VERY  ANGULAR 
(  la  to  17) 


ANGULAR 

(•17  to  -as) 


sue  ANGULAR 
(•as  to  -35) 
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SOIL  CLASSIFICATION  ABBREVIATIONS 


The  following  is  a  list  of  modifiers  that  are  commonly  used  to  characterize  the  gross 
lithology  of  a  soil  sample.  The  list  if  after  the  Unified  Soil  Oassification  System  (USCS) 
scheme. 


c  - 

Coarse 

Med  - 

Medium 

F  - 

Fine 

V  - 

Very 

SI  - 

Slight 

Sm  - 

Some 

Occ  - 

Occasional 

Tr  - 

Trace 

Lt  - 

light 

Dk  - 

Dark 

BR 

- 

Broken 

BL 

* 

Blocky 

M 

Massive 

Br 

Brown 

Gn 

Green 

Gr 

Gray 

Bk 

Black 

Y1 

Yellow 

Or 

Orange 

Rd 

Red 

B1 

Blue 

Tn 

Tan 

Wh 

White 
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SAMPLE  HAZWRAP  BORING  LOG  FORM 
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1.0  PURPOSE 


The  purpose  of  this  procedure  is  to  define  the  necessary  steps  for  conducting  pH 
measurements  during  field  activities. 

2.0  SCOPE 

2.1  This  procedure  applies  to  the  calibration,  operation  and  maintenance  of  the  Omega 
Model  PHH-60/80  hand-held  pH  meter  and  probe. 

12  This  procedure  may  also  be  used  in  conjunction  with  the  manufacturer’s  instructions  for 
other  pH  measuring  devices. 

3.0  REQUIREMENTS 

pH  is  an  important  environmental  parameter  that  is  routinely  measured  during  waste 
management  investigations  to  provide  information  on  the  extent  of  contamination  at  a  site.  In 
addition,  pH  measurements  are  taken  on  purge  waters  from  monitoring  wells  to  aid  in 
assessing  when  sufficient  water  has  been  removed  from  the  well  to  ensure  that  formation  water 
samples  will  be  collected. 

4.0  REFERENCES 

OMEGA  Engineering.  Inc,  Model  PHH  60/80  Hand  Held  pH  Meter  Instruction 
Manual,  1986. 

5.0  DEHNinONS 
None. 

6.0  RESPONSIBILITIES 

The  Field  Operations  Leader  is  responsible  to  ensure  that  the  necessary  equipment  is 
available  for  the  cahbration,  use  and  maintenance  of  measuring  equipment.  The  Field 
Operations  Leader  is  also  responsible  to  ensure  that  the  calibration  and  use  methodology  is 
consistent  and  that  workers  have  been  instructed  in  the  proper  use  of  equipment. 

7.0  EQUIPMENT 

7.1  OMEGA  Model  PHH  60/80  hand  held  pH  meter  and  probe,  or  equivalent. 
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6.  Select  the  desired  parameter  by  depressing  pH /PPM  switch. 

7.  Agitate  electrode  briefly  and  observe  reading 

8.  Rinse  electrode  thoroughly  with  ASTM  Type  11  reagent-grade  water  and 
replace  pH  storage  cap;  fill  the  cap  with  a  small  amount  of  pH  4  buffer  or 
potable  water  to  keep  the  bulb  from  drying  out. 

9.  Remove  the  battery  when  the  instrument  will  be  stored  for  a  long  period. 

8  J  Preventive  Maintenance 

The  pH  meter  should  be  cleaned  and  inspected  daily  before  and  after  use.  Batteries 
shall  be  replaced,  as  necessary  and  the  pH  electrode  shall  be  replaced  when  required. 

The  pH  electrode  can  be  maintained  by  cleaning  after  use  with  ASTM  Type  11  reagent- 
grade  water  and  filling  the  electrode’s  protective  cap  with  a  small  amount  of  pH  4  buffer  or 
potable  water  to  keep  the  bulb  from  drying  out 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  define  the  steps  necessary  for  calibration,  operation 
and  maintenance  of  the  Hach  Model  44600  conductivity/TDS  meter. 

2.0  SCOPE 

2.1  This  procedure  applies  to  the  calibration,  operation  and  maintenance  of  the  Hach 
Model  44600  conductivity/TDS  meter. 

2.2  This  procedure  may  also  be  used  in  conjunction  with  the  manufacturer’s  instructions  for 
other  specific  conductivity  meters. 

3.0  REQUIREMENTS 

Electrical  conductance  of  a  substance  is-  its  ability  to  conduct  an  electrical  current. 
Chemically  pure  water  has  a  low  electrical  conductance;  while  water  that  contains  dissolved 
inorgamc  solids  (chloride,  phosphate,  etc.)  has  a  high  electrical  conductance.  Consequently, 
the  greater  the  amount  of  dissolve  solids  in  ground  water  the  greater  the  water’s  electrical 
conductivity. 

4.0  REFERENCES 

4.1  Driscoll,  F.  G.,  1986.  Groundwater  and  Wells.  Johnson  Division,  St.  Paul,  Minn.  pp.  92- 
94. 

42  Hach  Model  44600  Conductivity/TDS  Meter  Instruction  Manuals. 

5.0  DEFINITIONS 
None. 

6.0  RESPONSIBILITIES 

The  Field  Operations  Leader  is  responsible  to  ensure  that  the  necessary  equipment  is 
available  for  the  calibration,  use,  and  maintenance  of  the  sampling  equipment.  The  Field 
Operations  Leader  is  also  responsible  to  ensure  that  the  calibration  and  the  method  of 
operation  is  consistent  and  that  workers  have  been  instructed  in  the  proper  use  of  equipment. 
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7.0  EQUIPMENT 

The  following  is  a  list  of  replacement  parts,  calibration  standards  and  accessories 
associated  with  the  operation  of  the  Hach  Model  44600  conductivity/TDS  meter. 


REPLACEMENT  PARTS  AND  ACCESSORIES 

Description  Unit 

Battery,  AA,  alkaline . 4/pkg 

Beaker,  poly,  100  mL. . . . each 

Bottle,  w^h,  120  mL . each 

Gallic  Acid  Solution,  59-Ml  dropping  bottle . each 

Instruction  Manual _ _ _ _ each 

Phenolphthalein  Indicator  Solution . 15  rnL 

Probe,  conductivity . each 

Probe,  conductivity,  10-ft  cable  (optional) . each 

Sodium  Chloride  Standard  Solution, 

100  mg/L  (1990  ±  20  nS/cm,  995  ±  10  TDS) . 118  mL 

Sodium  Chloride  Standard  Solution, 

85.47  mg/L  (180  +  00  nS/cm,  90  +.  10  TDS) . 118  mL 

Sodium  Chloride  Standard  Solution, 

491  mg/L  (1000  ±  10  iiS/cm,  500  ±  5  TDS) . . 118  mL 

Sodium  Chloride  Standard  Solution, 

10246  mg/L  (18000  ±  50  /xS/cm,  9000  ±  25  TDS) _ 118  mL 

Refer  to  spedScations  for  differences  in  accuracy  and  zero  error. 

8.0  PROCEDURE 

The  procedure  for  calibration,  operation,  and  maintenance  of  the  Hach  Model  44600 
conductivity/TDS  meter  is  outlined  below.  If  using  a  different  instrument,  the  owner’s  many^l 
should  be  consulted  for  instructions. 

8.1  Calibration 

Calibration  will  be  needed  periodically  due  to  aging  of  the  probe  electrical  components 
or  when  a  new  probe  is  installed.  Calibration  with  a  standard  solution  of  known  conductivity 
value  near  the  typical  temperature  of  the  sample  solution  will  improve  accuracy. 

NOTE;  Calibration  on  the  2  mS/cm  range  with  the  100  mg/L  NaQ  (1.99  mS/cm) 
standard  calibrates  all  three  ranges  accurately  enough  for  most  applications.  However,  slightly 
better  accuracy  will  be  gained  by  calibrating  on  the  particular  range  to  be  used  using  the 
appropriate  standard  solution.  Refer  to  Replacement  Parts  and  Accessories  for  a  list  of  available 
standards  offered  by  Hach  Company. 

Calibrate  as  follows: 

NOTE:  Sodium  Chloride  standards  are  contaminated  easily.  Always  clean  the  probe 
before  calibration  and  use  a  clean,  dry  container  for  the  standard  solution. 


Cat.  No. 

19380-04 

108042 

620-14 

14423-26 

44600-88 

162-36 

44606-00. 

44606-10 

2105-14 

23075-14 

14400-14 

23074-14 
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1.  Be  sure  the  probe  is  dean. 

2.  Soak  the  probe  in  demineralized  water  for  at  least  30  minutes. 

3.  Remove  the  probe  from  the  water  and  fling  out  drops  clinging  inside. 

4.  Immerse  the  probe  to  or  beyond  the  vent  holes  in  a  beaker  containing 
Sodium  Chloride  Standard  Solution,  1000  mg/L.  Agitate  vertically  to 
remove  entrapped  air. 

5.  Repeat  Steps  3  and  4  at  least  once  more. 

6.  Press  ^e  POWER  I  key  and  CND  key.  Verify  that  the  LO  BAT 
indication  does  not  appear. 

7.  Press  the  2  mS/cm  range  key. 

8.  Check  the  reading  on  the  display.  It  should  be  1.990  mS/cm.  If 
adjustment  is  needed,  use  a  small  ^ew^ver  to  adjust  the  CAL  control 
next  to  the  display.  Counterclockwise  adjustment  increases  the  reading. 

$2  Operation 

Taking  the  Conductivity  Measurement: 

If  the  probe  has  been  in  storage,  soaking  may  be  necessary  prior  to  use  to  ensure  the 
probe  is  thoroughly  wetted. 

1.  Press  the  POWER  I  key  and  CND  key.  Verify  that  the  LO  BAT 
indication  does  not  appear. 

2.  Select  the  appropriate  range.  If  the  range  in  unknown,  begin  with  the 
highest  range. 

3.  Insert  the  probe  into  die  sample  solution.  Immerse  the  tip  to  or  beyond 
the  vent  holes  and  agitate  the  probe  vertically  to  be  sure  air  bubbles  are 
not  eimapped.  Allow  time  for  the  reading  to  stabilize.  If  the  reading 
falls  within  the  lowest  10%  of  the  range,  select  the  next  lower  range  and  ’ 
again  allow  the  reading  to  stabilize  before  recording  the  measurement. 

Am  overrange  condition  cause  a  1  display  followed  by  blank  digits. 

4.  Rinse  the  probe  thoroughly  with  demineralized  water  after  each 
measurement 

Taking  the  Total  Dissolved  Solids  Measurement: 

Press  Ae  POWER  I  key  and  CND  key.  Verify  that  the  LO  BAT 
indication  does  not  appear. 

Select  the  appropriate  range.  If  the  range  in  unknown,  begin  with  the 
highest  range. 
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3.  Insert  the  probe  into  the  sample  solution.  Immerse  the  tip  to  or  beyond 
the  vent  holes  and  agitate  the  probe  vertically  to  be  sure  air  bubbles  are 
not  entrapped.  Allow  time  for  the  reading  to  stabilize.  If  the  reading 
falls  within  the  lowest  10%  of  the  range,  select  the  next  lower  range  and 
again  allow  the  reading  to  stabilize  before  recording  the  measurement. 

Taking  the  Temperature  Measurement: 

1.  Press  the  POWER  I  key  and  ®C  key.  Verify  that  the  LO  BAT  indication 
does  not  appear. 

2.  Insert  the  probe  into  the  sample  solution.  Immerse  the  tip  to  or  beyond 
the  vent  holes  and  agitate  the  probe  vertically  if  the  sample  is  not  flowing 
or  being  stirred  to  be  sure  air  bubbles  are  not  entrapped  near  the 
temperature  sensor.  Allow  the  reading  to  stabilize  before  recording  the 
temperamre  measurement 

3.  Rinse  the  probe  thoroughly  with  demineralized  water  after  each 
measurement 

S3  Preventive  Maintenance 

aeaning  the  Probe: 

The  probe  should  be  rinsed  thoroughly  with  deionized  water  between  measurements 
during  normal  use.  When  this  is  done  there  will  be  little  chance  of  interfering  substances 
building  up  on  the  probe  elements.  Should  the  sample  contain  oils,  greases  or  fats,  however, 
the  electrodes  could  become  coated  and  affect  accuracy  of  the  readings.  In  this  case,  the  probe 
should  be  cleaned  with  a  strong  detergent  solution  or  dipped  in  a  1:1  hydrochloric  acid  solution 
and  then  rinsed  thoroughly  with  deionized  water. 

Battery  Replacement: 

A  low  battery  indication  will  appear  in  the  upper  left  comer  of  the  display  when  battery 
replacement  is  needed.  Replace  the  complete  set  as  described  in  the  Battery  Installation 
procedure  in  the  Preparation  for  Use  section. 

Probe  Replacement 

The  replacement  probe  assembly  listed  in  the  replacement  parts  list  comes  with  the 
cable  and  the  4-circuit  connector  installed  and  with  the  cable  tie  properly  positioned  four 
inches  from  the  coimector.  Replace  the  probe  assembly  as  follows: 

1.  Remove  the  batteries  from  the  battery  holder. 

2.  Remove  the  six  screws  securing  the  instrument  in  the  case. 

3.  Carefully  lift  the  instrument  from  the  case. 

4.  Discoimect  the  probe  cable  coimector  firom  the  circuit  board  jack. 
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5.  Connect  the  replacement  probe  cable  connector  to  the  circuit  board  jack 
and  install  the  instrument  in  its  case.  Be  sure  the  cable  tie  installed  on 
the  probe  cable  is  placed  inside  the  compartment  housing  the  circuit 
boards  to  provide  a  strain  relief  for  the  probe  cable. 

6.  Secure  the  instrument  in  the  case  with  the  six  screws  removed  in  Step  2. 
Thread  the  screws  until  the  heads  contaa  the  panel  surface.  Screws  will 
not  become  tight  with  further  rotation,  but  threads  will  not  strip. 

7.  Replace  the  battenes.  Refer  to  Battery  Installation. 

8.  Perform  calibration  with  the  new  probe.  Refer  to  the  Calibration 
paragraph. 

9.0  ATTACHMENTS 

9.1  Attachment  9.1  -  Description  and  Location  of  Controls  and  Indicators. 


:-299 


ATTACHMENT  9.1 
FP  7-5 


DESCRIPTION  AND  LOCATION  OF  CONTROLS  AND  INDICATORS 


Item 

1 


2 


4 

5 

6 

7 

8 
9 


Table  I  Instrument  Controls 


Name  Description 

Liquid  Crystal  Display  A  3  l/2-<iipt  display  indicates  value  of  measxxremcnt.  Readout  will 

be  in  millLsicmens  per  centimeter^  microsiemens  per  centimeter, 
grams  per  liter  total  dissolved  solids,  milligrams  per  Liter  total 
dissolved  solids  or  degrees  Celsius,  depending  on  the  function  and 
range  switches  selected.  A  low  battery  indication  is  incorporated, 
indicating  LO  BAT  when  battery  replacement  is  required. 

20  Range  Key  Selects  range  20  for  mS/cm  conductivity  or  g/L  total  dissolved 

solids. 


20  Range  Key  Selects  range  2  for  mS/cm  conductivity  or  g/L  total  dissolved  solids. 

200  Range  Key  Selects  range  200  for  ^S/cm  conductivity  or  mg/L  total  dissolved 

sohds. 


TDS  Key 
CNDKey 
°CKey 
Power  Keys 
CAL  Control 


Selects  total  dissolved  solids  measurement  mode. 

Selects  conductivity  measurment  mode. 

Selects  temperature  measurement  mode. 

Turns  operating  power  on  and  off.  Press  I  for  on,  O  for  off. 

Used  to  calibrate  the  cell  constant  setting  to  compensate  for 
variations  in  probe  electrical  characteristics. 
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1.0  PURPOSE 

The  purpose  of  this  procedure  is  to  describe  methods,  sequence  of  operations,  and 
equipment  necessary  to  determine  the  cross-sectional  area  and  flow  of  a  stream. 

2.0  SCOPE 

This  procedure  applies  to  methods  used  in  determining  stream  flow  and  cross-sectional 
configurations. 

3.0  REQUIREMENTS 

Since  the  physical  cbaraaeristics  that  streams  exhibit  vary  widely,  it  is  necessary  to 
present  several  methods  and  techniques  that  can  be  used  to  calculate  channel  areas  and  flow 
rates. 


4.0  REFERENCES 

4.1  Boyer,  M.C.,  1964.  "Streamflow  Measurement,"  Handbook  of  Applied  Hydrology, 
McGraw-Hill,  pp.  15-1  to  15-41. 

42  Chow,  Ven  Te,  1959.  Open-channel  Hydraulics,  McGraw-Hill,  p.  680. 

43  CoUings,  M.R.,  1968.  "Selection  of  dye-injection  and  measuring  sites  for  time-travel 
studies,"  U.S.  Geological  Survey  Water-Supply  Paper,  1892,  p.  23-29. 

4.4  Dalrymple,  Tate  and  Benson,  MA.,  1967.  "Measurement  of  peak  discharge  by  the 
slope-area  method,"  U.S.  Geological  Survey  Techniques  of  Water  Resources  Investigation,  Book 
3,  Chapter  A9. 

4.5  Horton,  Robert  E.,  1907.  "Weir  experiments,  coefficients,  and  formulas,"  U.S. 
Geological  Survey  Water  Supply  Paper  200,  p.  195, 

4.6  Kilpatrick,  FA,  1968.  "Flow  calibration  by  dye-dilution  measurement,"  Civil  Engineer, 
V.  38,  No.  2,  pp.  74-76. 

4.7  Kulin,  Gershon  and  Compton,  Philip  R.,  1975.  "A  guide  to  methods  and  standards  for 
the  measurement  of  water  flow,"  National  Bureau  of  Standards  (Special  Publication),  No.  421, 
p.89 

4.8  Replogle,  JA,  Meyers,  LE.  and  Brust,  KJ.,  1966.  "Flow  Measurement  with 


1-303 


PrQC«dur«  No. 

Rov. 

STREAM  FLOW 

MEASUREMENTS 

FP7-6 

0 

Page  2  of  7 

fluorescent  tracers,"  American  Society  of  Civil  Engineering  Proceedings,  Journal  of  the 
Hydraulics  Division,  V.  92,  No.  HY5,  pp.  1-15. 

4.9  Robinson,  AJP.  and  Chamberlain,  A.R.,  1960.  'Trapezoidal  flumes  for  open-channel 
flow  measurement,"  v454£,  Vol.  3,  No.  2. 

4.10  Searcy,  James  K.,  1959.  "Flow-duration  curves,"  US  Geological  Survey  Water  Supply 
Paper  1542-A,  p.  33. 

4.11  Smart,  P.L.  and  Laidlaw,  LM.W.,1977.  "An  evaluation  of  some  fluorescent  dyes  for 
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5.0  DEFINITIONS 

5.1  Flow  (or  volumetric  flow  rate) 

The  volume  of  water  which  passes  through  a  cross-sectional  plane  in  some  unit  of  time. 
(Syn.  -  DISCHARGE) 

5.2  Flume 

An  artificial  channel  used  for  constricting  the  flow  of  wastewater  or  water  in  order  to 
promote  laminar  flow  for  the  purpose  of  measuring  flow  volume. 

53  Stage 

The  height  of  a  water  surface  above  an  arbitrarily  established  datum  plane. 

5.4  Weir 

A  levee  or  dam-type  structure  containing  a  notch  trough  which  the  flow  of  water  can  be 
meastired  and  regulated. 


6.0  RESPONSIBILITIES 
6.1  Project  Manager 

In  consultation  with  the  projea  hydrogeologist,  is  responsible  for  determining  the 
optimum  location  for  performing  flow  determinations  within  an  open  channel  to  include  the 
selection  of  the  appropriate  methodology,  technique  and  field  procedure  for  conducting  the 
field  test 
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6J  Field  Operations  Leader 

Responsible  for  direa  supervision  of  the  installation  and  execution  of  the  field  test  to 
determine  flow  in  an  open  channel.  This  individual  is  responsible  for  inspection  of  the 

equipment  to  ensure  its  adequacy  for  performance,  preparation  of  the  site  and  execution  and 
performance  of  the  test 


7.0  EQUIPMENT 

Equipment  required  will  vary  depending  upon  method  of  cross-sectioning  and  flow 
measuring  selected. 

8.0  PROCEDURE 
8.1  General 

The  discussion  below  addresses  the  various  methods  and  techniques  used  to  measure 
cross-section  and  stream  velocities  with  respect  to  the  velocity-area  open  channel  technique  of 
stream  flow  measuremenL  These  techniques  should  be  applied  whenever  stream  gaging 
information  is  not  available.  When  possible,  stream  gaging  station  information  will  be  utilized 

since,  real  time  flow  information  can  be  obtained  from  the  authority  responsible  for  the 
station. 

The  most  common  method  of  open  channel  flow  determination  is  the  velocity-area 
method.  In  this  method,  a  flow  or  discharge  measurement  is  computed  as  the  summation  of 
the  products  of  partial  areas  of  the  flow  cross-section  and  their  respective  average  velocities. 
This  is  represented  by  the  formula: 

Q*Z(av) 

where: 

Q  =  total  discharge, 

a  =  individual  partial  cross-sectional  area,  and 
V  =  corresponding  mean  velocity  normal  to  the  partial  area. 

82  Cross  Sectional  Area  Determination 
Width  Determination 

Width  determination  for  shallow  streams  and  brooks  is  accomplished  by  a  simple  tape 
measurement  However,  when  streams  or  rivers  are  wide  (greater  than  100  feet),  deep 
(greater  than  five  feet),  or  exhibit  a  high  flow  velocity,  width  determination  is  a  problem.  As  a 
general  rule,  width  determinations  under  these  conditions  accuracy  will  be  to  the  nearest  foot 
for  100-foot  streams.  Tape  measurement  of  streams  or  rivers  is  accurate  enough  for  streams 
up  to  500  feet  in  width;  however,  for  large  streams,  alternatives  may  be  required.  Bridges  are 
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convenient  avenues  across  which  measurements  can  be  made.  An  equally  acceptable  method 
of  determining  width  will  be  by  transit  and  stadia  survey  techniques. 

Depth  Determinations 

Most  often,  depth  measurements  are  taken  directly  with  a  measured  rod  or  sounding 
weight.  The  mass  of  the  weight  suspended  at  the  end  of  the  tape  should  be  sufficient  to  keep 
the  tape  essentially  vertical.  For  high  velocity  streams  or  excessively  deep  channels  a  sonic 

sounder  is  most  appropriate,  since  some  can  be  adapted  to  produce  a  continuous  strip  chart 
profile  of  the  channel  depth. 

8  J  Velocity/Flow  Determinations 

As  a  general  practice,  the  actual  measurement  of  depth,  width  and  velocity  would 
normally  occur  concurrently.  The  methods  specified  below  refer  to  open  channel  stream  flow 
where  continuous  long-term  measurements  will  not  be  required.  Zero  flow  or  non-channel 
flow  conditions  (overland  flow)  are  not  discussed  within  this  text  and  require  special 
procedures  for  flow  determination.  The  main  parameters  to  be  collected  for  open  channel 
flow  determinations  will  be  cross-sectional  area  and  stream  velocity. 

8J.1  Stream  Gaging  Stations 

A  network  of  stream  gaging  stations  has  been  in  place  for  several  decades.  The 
authorities  responsible  for  their  placement  will  be  the  U.S.  Army  Corps  of  Engineers,  USGS 
and  other  Federal  or  state  agencies.  In  general,  they  have  been  placed  in  sensitive  watershed 
areas  and  along  major  tributaries  and  rivers  throughout  the  United  States. 

These  stations  have  established  water  stage-discharge  relationships  ("rating  curves") 
which  allow  flow  to  be  determined  from  water  stage  measurements.  By  measuring  water 
directly  from  the  staff  gage  and  applying  that  value  to  the  rating  curve  for  that  station,  flow  is 
easily  determmed.  The  rating  curve  will  be  maintained  by  the  operator  of  the  gaging  station. 
If  a  new  gaging  station  is  established,  the  techniques  outlined  in  the  USGS  publication 
"Discharge  Measurement  and  Computation",  Book  I,  Chapter  II,  United  States  Department  of 
the  Interior,  Geological  Survey,  1965  will  be  used. 

S32  Current  Meters 

Current  meters  provide  a  quick  and  relatively  accurate  method  of  determining  flow 
under  existing  site  conditions.  They  are  generally  not  used  for  long-term  determinations. 
There  are  many  types  of  current  meters:  mechanical,  elearical,  vertical  shaft,  and  horizontal 
shaft.  The  type  preferred  for  open  channel  stream  measurement  are  those  which  have  a 
vertical  shaft.  The  basic  concept  of  a  current  meter  is  that  of  a  rotating  element  at  the  end  of 
the  vertical  shaft  (or,  in  some  cases,  stationary  electrodes)  is  submerged  beneath  the  stream’s 
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surface  where  the  flow  of  water  rotates  the  element  (or  passes  between  the  electrodes).  The 
speed  of  rotation  of  the  element  (or  flow  between  the  electrodes)  measured  directly  by  the 
current  meter  which  is  then  correlated  to  stream  flow  velocity  through  the  meter’s  own 
electronic  circuitry  or  by  graphs  or  charts  which  accompany  the  instrument.  Speed  is  normally 
measured  in  meters/second  or  feet/second.  Current  meters  will  generally  measure  flow  down 
to  0.03  meters/sec  (0.1  ft/second).  Current  meters  which  use  electrodes  may  be  utilized  for 
measuring  streams  that  have  weedy  growths  emanating  from  the  stream  bottom  which  would 
affect  the  rotation  element.  The  depth  to  which  current  meters  can  be  used  will  only  be 
limited  by  the  ability  to  hold  the  unit  rigid  at  depth.  Once  a  current  meter  value  is  taken,  the 
measurement  will  be  averaged  with  other  measurements  taken  along  a  vertical  transect  of  the 
stream  at  that  point  to  determine  the  mean  velocity  along  that  vertical  transect.  In  a  wide 
stream,  several  vertical  transects  can  be  constructed  such  that  less  than  10  percent  of  the 
volume  of  the  stream  will  be  represented  by  each  transect.  The  mean  stream  velocity  can  be 
calculated  as  the  average  of  the  individual  average  venical  velocities  of  each  transect,  with 
each  average  velocity  weighted  by  the  cross-sectioned  area  of  the  stream  that  it  represents. 
Some  of  the  methods  by  which  a  current  meter  can  be  used  are  as  follows: 


^-tenths  Method  -  This  method  will  be  best  utilized  when  the  depth  of 

meters  (2.6  feet)  but  greater  than  0.1  meters 
(U.3  teet).  In  general,  current  meters  should  not  be  used  when  depth  of 
streams  are  less  than  0.1  meters  (0.3  feet).  This  method  will  be  best 
uplized  when  flow  information  must  be  gained  relatively  quickly  or  in  a 
shallow  stream  (<0.8  meters).  In  this  total  depth  below  the  surface  along 
vertical  accuracy,  each  measurement  within  each  transect 
Should  be  taken  three  nmes  and  the  result  averaged  to  determine  the 
mean  veloaty  along  that  transect.  This  method  will  reduce  the  effects  of 
aberrant  measurements. 


Two-point  Method  -  This  method  should  only  be  used  for  streams 
exhibiting  a  dep^  greater  than  0.8  meters  (2.6  feet).  This  restriction  will 
be  due  to  ^e  effects  that  the  surface  of  the  stream  and  stream  bed  would 
rme  on  the  rotating  elenienL  In  this  method,  measurements  will  be 
taken  at  0.2  and  0.8  of  the  total  depth  below  the  surface.  The  two 
measurements  will  then  be  averaged  to  obtain  the  mean  velocity  along 
the  vertical  transect.  Then  all  the  transects  will  be  averaged  to  determine 
the  stream  flow. 


niethod  will  be  restricted  to  those  streams 
exhibit  a  depth  greater  than  0.8  meters  (2.6  feet).  In  this  method, 
veloaties  wll  be  determined  with  a  current  meter  at  0.2,  0.6,  and  0  8  of 
the  total  depth  oelow  the  surface.  The  0.2  and  0.8  readings  should  be 
averaged.  The  result  vnll  then  be  averaged  with  the  0.6  riding.  This 
methpd  will  be  very  effective  in  those  streams  in  which  the  vertical 
velocities  are  not  normally  distributed. 
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Vertical-velocity  Method  -  This  method  should  be  primarily  used  for  deep 
channels.  In  this  method,  readings  will  be  taken  at  0.1  depth  increments 
starting  at  0.1  and  ending  at  0.9.  These  values  will  then  be  averaged  to 
determine  the  mean  velocity  of  the  vertical.  Due  to  the  numerous 
readings  required,  this  method  should  not  be  often  used. 


8.3  J  Deflection  or  Drag-body  Methods 

This  me±od  will  utilize  the  relationship  that  drag  is  proportional  to  the  square  of  the 
velocity.  This  method  will  tend  to  be  insensitive  to  very  low  velocities  and  will  also  be  affected 
by  aquatic  growth  or  debris  which  can  affect  the  drag  coefficient  of  the  body  utilized.  This 
method  will  be,  however,  relatively  ine.xpensive  and,  under  certain  conditions,  will  yield  as 
accurate  a  result  as  any  device. 

8.3.4  Floats 

Floats  operate  on  the  principle  that  velocity  of  the  stream  can  be  determined  by 
measuring  the  velocity  of  a  float  carried  on  the  surface  of  the  stream.  If  the  stream  is  wide 
enough  to  require  several  velocity  measurements,  several  floats  should  be  used,  with  the 
resulting  velocity  multiplied  by  the  fraction  of  the  cross-sectional  area  of  each  represented 
measurements.  The  sum  of  the  products  will  equate  to  the  flow  or  total  discharge  of  the 
stream.  There  are  many  types  of  floats  and  each  has  its  own  coefficient  to  obtain  mean 
velocity  from  a  surface  velocity  measurements. 

8  J.5  Pressure  Methods 

Pressure  methods  use  a  device  called  an  impact  tube  to  measure  stream  velocity.  The 
impaa  tube  come  in  several  different  varieties,  i.e.,  the  Pitot,  Barcy,  Prandtl,  or  Brabbe  tubes. 
Impact  tubes  operate  through  the  principle  that  velocity  is  proportional  to  the  square  root  of 
the  dynamic  pressure  head  which  is  either  measured  directly  or  as  a  difference  between  the 
total  and  static  pressure  head  in  these  impact  tubes. 

8.3.6  Tracer  Methods 

Several  types  of  tracers  including  salt,  dye,  or  radioisotopes  are  used  in  this  method. 
The  major  objection  to  this  type  of  velocity  measurement  are  that  pools  and  eddies  tend  to 
trap  the  tracer.  Therefore,  a  uniform  cross-sectional  portion  of  the  stream  channel  must  be 
used.  The  tracer  must  be  introduced  as  a  slug  into  the  stream  channel.  This  can  either  be  at 
one  point  or  simultaneously  at  many  points  across  the  stream.  The  tracer  concentration  should 
be  measured  at  one  or  more  points  at  known  distances  downstream  of  the  injection  point.  At 
each  of  the  downstream  points,  concentration/time  curves  are  created  by  continuous 
measurement.  The  most  precise  determination  of  average  velocity  can  be  made  by  using  the 
centroid  of  the  concentration/time  curve  to  measure  the  travel  time;  however,  the 
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measurement  of  time  at  the  concentration  peaks  will  be  nearly  as  accurate. 

8  J.7  Weirs  and  Flumes 

A  comiderably  more  sophisticated  method  of  determining  stream  flow  is  through  the 
tnstallanoti  of  amficial,  pre-calibrated  control  structures  such  as  weirs  and  flumes  A  weir  is  a 
dam-ltke  structure  behind  which  the  water  is  ponded.  TTte  top  of  the  weir  contains  a  calibrated 
notch  through  which  the  ponded  water  eventually  flows.  Stream  flow  should  be  determined  bv 
measunng  the  height  of  flow  through  the  weir,  which  is  a  function  of  rotemial  energy  behind 
the  ovetM.  A  flume  is  ba^cally  a  constricted  flow  structure  which  provides  a  unifol  cross- 

■thm  the  throat  of  the  constnction.  For  a  detailed  discussion  of  weirs  and  flumes  see  U  S 
Geological  Survey  (1977),  Volume  1,  Chapter  1,  p  1-65  to  1-77. 

9.0  ATTACHMENTS 
None. 
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SAIC 

1710  Goodridge  Drive 
MS  2-4-1 

McLean,  Virginia  22102 
Attn;  Mr.  A1  Wickline 

RE:  RESULTS  OF  GEOTECHNICAL  LABORATORY 

SERVICES  FOR  OHIO  NATIONAL  GUARD 
SITES  IN  SPRINGFIELD  AND  CINCINNATI 
SUBCONTRACT  NO.  38-930024-42 
EEI  PROJECT  NO.  91019 

Gent lemen: 

EEI  has  completed  the  requested  geotechnical  laboratory  work 
for  this  project  reques  ted  as  of  this  date.  Included  are  six 
Grain  Size  Analyses  presented  as  Grain  Size  Distribution 
Curves;  three  Permeability  Tests  presented  on  the  Grain  Size 
Distribution  sheets;  three  Consolidation  Tests  presented  as 
Consolidation  Test  Data  curves;  six  Atterberg  Limit  Tests 
presented  on  the  Grain  Size  Distribution  sheets;  and  six 
moisture  contents  presented  on  the  Grain  Size  Distribution 
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We  have  appreciated  the  opportunity  to  serve  your  needs  on 
this  project  to  date.  If  you  have  any  questions  or  if  we  may 
be  of  further  service  in  any  way,  please  do  not  hesitate  to 
contact  this  office  at  your  convenience. 
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Ben  W.  Keeler,  P.E. 
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Dry  Density  103.27 
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Sampling  Form 

(Field  Sheet) 


An  EmpfoyeeOwned  Company 


Project  Name  and  Number:  SP €.1  £ L2^  ~<nJrL2.'7-  <OJ5  ~<^:2-oC>- 

Sampling  Crew:  .,7^/-?  dA -77^ S&P  ^ 

Sampling  Point  Number:  S 

Sampling  Location:  _ 


-y- 


Sample  Type:  □  GW  □  SW  □  Soil  I^SED  □  Other: _ 

Date  and  Time  Sample  Collected: _ ^  ^ _ /  -?  3*  V _ 

Weather  Conditions:  _  '^o'aJ/O  y ^  -  0>o°£  ^  y 


Purging  Information  (If  applicable): 

Method: _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment:  _ _ 

Field  Measurements:  pH - Temp: _  Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method:  _ _ _ _ 

Date  and  Time  Filtered  (If  applicable);  _ _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ _ _ _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 
Sampling  Depth: 


^/■2/  / 


Sampling  Method: 
Comments:  _ 


hfA/On 
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An  Employee-Owned  Company 

Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 
Sampling  Crew: 

Sampling  Point  Number:  _ 
Sampling  Location: _ 


<^€^rp/£^c  y.  4^  PA£>/PfS:^ _ 


Sample  Type:  D  GW  Q  SW  Q  Soil  I^SED 

Date  and  Time  Sample  Collected: _ 

Weather  Conditions:  _ 


□  other: 

p>6  rE. 


4  ^Ce~>X 


Purging  Information  (If  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth: _ : _ 

Water  Level:  _ : _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _  Cond: - Alkalinity: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 


Sampling  Depth:  _ 
Sampling  Method: 
Comments:  _ 


// 


J5~  -^9-73 
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Sampling  Form 

(Field  Sheet) 


An  Empioyee-Owned  Company 


Project  Name  and  Number:  ^o/  <PJ?C3n  ^ 

Sampling  Crew:  t  4' _ 

Sampling  Point  Number:  _ ^  _ 


Sampling  Location: 


prA 


Sample  Type:  □  GW  □  SW  □  Soil  ^SED  □  Other: _ 

Date  and  Time  Sample  Collected: _ ,2  J  ^Ci  3? _ 

Weather  Conditions:  ^  ^ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth: _ ^ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 


Sampling  Depth:  _ 
Sampling  Method: 
Comments:  _ 


/?cA 
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/ 


V  f 

y  4 


f9  An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  S'P-e  D  ^  ,0?  g>  jpj>  -y^  ^  ^.7  -? 

Sampling  Crew;  7Z)./V>  y  <^pAo/  PA^/2i<hf _ 

Sampling  Point  Number: _ S  ^  _ 

Sampling  Location:  f~'T A  ^  ^ _ 

Sample  Type:  □  GW  □  SW  □  Soil  ^  SED  □  Other _ _ 

Date  and  Time  Sample  Collected: _ /  VPl/C, _ _ 

Weather  Conditions:  j  i  O Al^y^  g(^C>  p-  ^ 

Purging  Information  (if  applicable); 

Method; _ 

Quantity  of  Water  Purged: _ _ 

Disposition  of  Purge  Water:  _ _ _ _ 


Date  and  Time  of  Purging:  Start:  _ _ _  £nd: 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected: 

Sampling  Depth:  _ _ _ _ _ _ 

Water  Level: _ _ _ _ 

Sampling  Method/ Equipment:  _ _ _ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ _  , _ _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ _ _ _ _ _ 

Collection  Method:  _ _ ^ _ _ _ 

Date  and  Time  Filtered  (if  applicable)  _ _ _ 

Field  Measurements:  pH  _ _  Temp:  _  Cond:  _  Turbidity: 

Comments:  _ _ _ 


SoHs/Sediment  Sampling: 

Date  and  Time  Collected:  _  _ /y:id, _ 

Sampling  Depth:  _ _ _  _ _ 

Sampling  Method:  ■4c/<$y/g  .  ts,"'  ^ 

Comments:  _  '  '  '  —*—«=>—«— 
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Sampling  Form 

[Field  Sheet) 


Project  Name  and  Number: 

Sampling  Crew:  — 7^0^.^  \J^  f=^.A--r/4-i^P/ _ 

Sampling  Point  Number:  f^ljd  ^  —  j _ 

Sampling  Location:  P^T'A  '^2-^ _ _ 

Sample  Type:  IB'  GW  □  SW  □  Soil 


Date  and  Time  Sample  Collected:  /'d>  -  /  —  ^  ^ 


□  SED 
-y^O 


O  Other 

-/  'iss- 


Weather  Conditions;  — PASrl:/'  ^  _ _  i. 

Purging  information  (if  applicable): 

Method: 


Quantity  of  Water  Purged: . 

Oi?>rDOSiTion  of  P'»rnp  VA/ator* 


‘U 


-i^U 


Date  and  Time  of  Purging:  Start, 
Comments:  _ _ 


/noo  End: 


■^feag 


Groundwater: 


Date  ana  Time  Coiiectea* 

Sampling  Dept^"  ^ 

Water  Level:  _  _  _ 

Sampling  Method/Equipment:  ^^Ti£c:i  r,A-\  lA/L./c/y 

Field  Measurements:  pH  — Temp:  i<ifL  Cond:  ^^L  Alkafinitv 
Date  and  Time  Filtered  (If  applicable!:  f  i~Ti  iTrii  fi  I'^nr  i'  f 

Comments:  /Ve  -  Ahsr  - 


Surface  Wate^^ 


Date  and  Time  Collected: 
Collection  Method: 


Date  and  Time  tr: 

Field  Measurements:  pH  _ 

Comments:  _ 


Temp: 


Cond: 


Turbidity: 


Soiis/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

^^mnlino  Method;  _ 
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•  An  EfTtploye&--Owr)ed  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  Ch 

Sampling  Crew:  /  o  A?  '/ 


■dJloO  ~<Da  J 


Sampling  Point  Number; _ ^  oO ^  -  /-J2 

Sampling  Location:  _ _ _ 

Sample  Type:  l^GW  □  SW  □  Soil 


Date  and  Time  Sample  Collected: _ 

Weather  Conditions:  _0\^(zcAd.r-  c^o/ 


□  SED  □  Other 


r^. 


Purging  Information  (if  applicable): 

Method:  ^  ^  _ 

Quantity  of  Water  Puroed:  ^  G-AL^ 

Disposition  of  Puroe  Water-  ^oiAM^^vcrfr-;, 


Date  and  Time  of  Puraino:  Start:  3  End:  D9/<r 

Comments: _ _ _ _ 


Groundwater: 

D:tc  and  Time  Collected:  _  -SZ/^ // 9 ."i  /nP/S^ _ 

Sampling  Depth:  3l'7  ^  /^-o  C. 

Water  Level:  ^TO<L. _ 

Sampling  Method/Equipment:  cnP 

Field  Measurements;  pH  A^/^~  Temp:  A)/g  Cond:  ^  AHojlnitK:  . 

Date  and  Time  Filtered  (if  applicable):  fOoT  - 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected:  _ _ _ _ 

Collection  Method;  _ _ _ 

Date  and  Time  Filtered  (if  applicable)  _ _ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity; 

Comments:  _ _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Co"“''* 

Sampling  Depth:  _ 

Samolinn  ^^athod:  _ 
Comments:  _ 
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An  £mpioyeeO¥¥nea  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  ^  -? 

Sampling  Crew:  (^E^r2>£^6y  /  (A)au^  ^jz>/^\/=72  _ 

Sampling  Poin»  '■'•  -'ber: _ /Yfc^  -2  -  ! _ _ _ _^_____ 

Sampling  Location:  f-^A-  ''"1 _ 

Sample  Type:  ^  GW  □  SW  □  Soil  □  SED  □  Other _ 


Date  and  Time  Sample  Collected:. _ ^  _ _  _  _  _  _ 

Weather  Conditions:  AO^  ^  rALi^  TP 

Purging  Information  (if  applicable): 

Method:  j3Ai/_j:^ry 

Quantity  of  Water  Purged:  ^  ^  /c 


DiSnOSltiOP  \A/cjtor-  ^ 


Date  and  Time  of  Purging:  Start:  f  ?  /  3li  ^  EndA 

Comments:  _ 


SgS-. 


Groundwater; 


S/r^/As  /iSS' 


Date  and  Time  Coiiecteo: _ 

Sampling  Depth:  ^  ^  R  “fOcL 

Water  Level;  ^  'S .  fe  ^  ^tz>  r 


Sampling  Method /Equipment;  ^OTn  - 

Fteld  Measurements:  pH 


Date  and  Time  Filtered  (if  applicable!:/^ 
Comments:  _ T7/^ 


Terror 


--^■1  /  Cond:  AThO  AHcaiinfty: 


Surface  Ware-" 

Date  and  Time  Collected:  _ _ _ 

Collection  Method:  _ _ _ _ 

and  Time  Filtered  (if  applicable)  _ — — _ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity: 

Comments:  _ _ 


j  Soils/Sediment  Sampiing: 

Date  and  Time  Collected:  _ _ _ 

Sampling  Depth:  _ _ _ _ _ 

Samolina  Method:  _ _ _ 

j  Comments:  _ ^ _ _ _ 

I 
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^9  An  Empfoye&Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  PjB  t  C- ^  /  6' C:h  .Pl?  op  ? 

Sampling  Crew:  7^  oo  z  Y _ ■  . 

Sampling  Point  Number: _ /  _ 

Sampling  Location:  '  _ _ _ _ _ _ _ 

Sample  Type:  KL  GW  □  SW  □  Soil  □  SED  □  Other _  I 

Date  and  Time  Sample  Collected: _ ij _ /  3 /(^ _ 

Weather  Conditions:  — ^  CAL^  -Tb  ^L.  ^  ' 

Purging  information  (if  applicable):  | 

Method: _ BA-IL^O _ _ _ _ _  I 

Quantity  of  Water  Purged:  ^  B  ^  K  1 

Disposition  of  Purge  Water:  — ~,Ji 

Date  and  Time  of  Purging:  Stan-,  f  end;  ^ 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected:  _ /  /?  .'\  /3/P^  _ 

Sampling  Depth;  (s'  ~  ^  ^  A-rh/r^ 

Water  Level:  ^  ^ <- _ _ _ 

Sampling  Method/ Equipment:  ^^/zgjg 

Field  Measurements:  pH  JZ^5"  ^  Temp:  Cond:  Alkafinityr  _I 

Date  and  Time  Filtered  (if  applicable):  ^a7~  /%Zt>£ni£rl\ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected;  _ 

Collection  Method:  _ _ _ _ 

Date  and  Time  Filtered  (if  applicable)  _ '  _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity: 

Comments: _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

Sampling  Method:  _ 

'''•^ments:  _ 


Science  Applications  International  Corporation  M  8400  Westpark  Drive,  McLean,  Virginia  22102 
White:  File  Pink:  Field  Manager  Yellow:  Supervisory  Geologist  Goldenrod:  Field  Book 

K-74 


An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  — 

O _ i; _ _  ^  y-  ^  i-v  . 


Sampling  Crew: 


Sampling  Point  Number: 

Sampling  Location: _ 

Sample  Type:  □  GW 


□  SW  03^1  DSED  □  other: 

Date  and  Time  Sample  Collected;  "Sj  _ 1^1-3 _ 

1  .  I 


Weather  Conditions: 


^4;06V _ j\  hi^K  n^',d  .  4o  '  ^ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ _  Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ ■ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ ^ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (If  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling:  ,  . 

Date  and  Time  Collected:^  ^  I  ^  ^  ^  "l  I  ^ 

Sampling  Depth:  6  ^ _ 


Samolino  Method:  ^  10\\\  5 

Pt>br\ 

T  i 

Comments:  ^ 

f - — — — - 
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An  EmpfoyeeOwned  Company 


Sampling  Form 

(Fi©!c! 


Project  Name  and  Number: 
Sampling  Crew: 

Sampling  Point  Number:  _ 


‘Spr'i  -  civoo^<^o^ 

Pcx^  r  ^  ~SdV^<^  /Xory^ 

1  -  _ 


Sampling  Location: _ 

Sample  Type:  □  GW  □  SW 

Date  and  Time  Sample  Collected:  ^ 

Weather  Conditions: _ 


□  SED  □  Other: 


Purging  Information  (if  applicable): 

Method:  _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ _ 

Sampling  Depth: _ _ 

Water  Level:  _ _ 

Sampling  Method/Equipment:  _ _ 

Field  Measurements:  pH - Temp: _  Cond: - Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ _ _  - 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soiis/Sediment  Sampling:  .  . 

Date  and  Time  Collected:  ^  j 

Sampling  Depth:  / ^ ^  ^  \ (o'  ^ _ 

Sampling  Method:  _ 

Comments:  _ 
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An  Empioyee^Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 

_  0)&<£>  f\]  -/s-s.-  cs-oo-  oc.^ 

Samolina  Crew:  T  t>rv\  t 

V-/  ^ 

Sampling  Point  Number:  _ 

TV  •  - 

- f - 

Samolina  Location: 

Sample  Type:  □  GW 

□  sw  C3^i 

□  SED 

n  Other: 

Date  and  Time  Sample  Collected:  j  ^ 

Weather  Conditions;  Qnci  OoQ  \  ,\-\l 


Purging  Information  (If  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cona: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments: 


Surface  Water: 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling:  »  i 

Date  and  Time  Collected: 

Sampling  Depth:  <!>  ^  ^ 

Sampling  Method: 

Comments:  _ ^ _ _ _ 
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An  Employee-Owned  Company 

Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  \  ^  D  AGaUfe  1-5-^ 

Sampling  Crew:  /  \t)nr^  _ 

Sampling  Point  Number:  ^ _ 

Sampling  Location: _ _ _ 

Sample  Type:  □  GW  □  SW  [p€oil  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  *0  _ ( 0C>TZ> _ 

Weather  Conditions: .  C\c0r  ar\A,  (^o\  ^  tr^  _ 

Purging  Information  (if  applicable): 

Method: _ _ _ ^ _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 

Date  and  Time  of  Purging:  Start: _  End: _ 

Comments:  _ _ _ 


Groundwater: 

Date  and  Time  Collected: _ _ 

Sampling  Depth:  _ _ 

Water  Level:  _ _ _ 

Sampling  Method/Equipment:  _ _ 

Field  Measurements:  pH - Temp: - Cond: - Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ _ 

Collection  Method:  _ 

Date  and  Time  Filtered  (if  applicable):  _ ^ ^ _ 

Field  Measurements:  pti _ lemp: - Cond:  _  Tufbiuiiy. 

Comments:  _ 


Soils/Sediment  Sampling:  .  . 

Date  and  Time  Collected:  _ ^QQQ 

Sampling  Depth:  _ 

Sampling  Method:  _ 

Comments: _ _ _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 


Samolina  Crew:  Poo  \  ^ 

M  P€.rAc[hnr-\ 

Sampfinq  Point  Number: 

zr 

Samolina  Location: 

Sample  Type:  □  GW  □  SW  HJ-SSIT 

Date  and  Time  Sample  Collected: 

n  SED  n  Other: 

Weather  Conditions:  Cirvl  (2Lcc>t^\ 

vA  ''Pr\^T=> 

Purging  Information  (if  applicable): 

Method: 

7  ^ 

Quantity  of  Water  Purged: 

Dlsoosition  of  Purae  Water: 

Date  and  Time  of  Purging:  Start: 

End: 

Comments: 

Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method:  _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected 
Samolina  Deoth: 

l:_li 

103*^ 

■‘o'  - 

-  ((jf-'-O 

Samplina  Method: 

oil'll 

Comments: 

[ 

Science  Appiications  International  Corporation  m  i7io  Goodridge  Drive,  McLean,  Virginia  22102 

White:  File  Pink:  Field  Manager  Yellow:  Supervisory  Geologist  Goldenrod:  Field  Book 

K-79 


An  EmployeeOwned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  ^  ^ — Oo3> 

Sampling  Crew:  ^  I  ^ 

Sampling  Point  Number:  ^  ~  | _ 

Sampling  Location: _ ^ _ _ _ i _ _ _ 

Sample  Type:  □  GW  □  SW  \^o\\  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  '^oj  _ 

Weather  Conditions:  _  C-\-c^  ^  Cco^  /  Kv^Ks?  Ir^  _ 

Purging  Information  (If  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ ^ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ ^ _  Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _ _  Turbidity: 

Comments:  _ • 


Soils/Sediment  Sampling:  /  . 

Date  and  Time  Collected:  D-C)  / 

Sampling  Depth:  O  *  ^  Q--  ^  ' _ 

Sampling  Method:  6^0^)^ 

Comments:  _ ! _ 
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An  EmployeeOwned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number;  \  O  A'Cs  hj!&  O  ~G^-O0~~ 

Sampling  Crew;  \  Onr~\  ^  j  \  ^CKf  <  * 

Sampling  Point  Number;  ^ _ 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  '  fp  _ 

Weather  Conditions:.  Co 

Purging  information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected:. _ 

Sampling  Depth: 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable): 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

P*eld  Measurements:  pH _ Temp: _ Coi^d:  _  Turbidity: 

Comments:  _ 


Soiis/Sediment  Sampling: 

Date  and  Time  Collected: 
Sampling  Depth:  ^ 

Sampling  Method: 


tn. 


Comments: 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  o/ -<D  S?J2.y^ 

Sampling  Crew:  7Z)/^  _ _ 

Sampling  Point  Number:  SS  3  V  ^  / _ _ 

Sampling  Location: _ _ Pl£U>. - 

Sample  Type:  Q  GW  Q  SW  Soil  Q  SED  □  Other:  _ _ 

Date  and  Time  Sample  Collected: _ ^ /7 / _ 

Weather  Conditions:  ^(JA^A^y  j  7.o‘-  ^  S^6€-2.V. _ 

Purging  Information  (if  applicable): 

Method: _ _ 

Quantity  of  Water  Purged: _ ^ _ _ _ 

Disposition  of  Purge  Water: _ 

Date  and  Time  of  Purging:  Start: _  End: _ 

Comments:  _ ! _ ^ _ ! _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ ^ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: - Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ 
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Sampling  Form 

(Field  Sheet) 


An  Employee-Owned  Company 


Project  Name  and  Number: 

Sampling  Crew:  ^ 


_ 0/^0  s:i  -e>xc^ 


3-  Y  -  ^ 


PiecS^. 


Sampling  Point  Number: 

Sampling  Location: _ 

Samole  Type:  □  GW  □  SW  S'  Soil  □  SED 

Date  and  Time  Sample  Collated: _ lS~ ^  ^ 

Weather  Conditions: 


□  Other: 

/Y3<r-. 


^UA)^/y  ^VA/2■><v^ _ ^  70^  -  B  l^€js  zy 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _  Cond: _ Alkalinity: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (If  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 
Sampling  Depth:  _ 


Sampling  Method: 
Comments:  _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number;  ~xDP^P~  ^OJP-ir^Jloa 

Sampling  Crew:  7^/~?  <C47~?,^£^  ^ _ 

Sampling  Point  Number;  ^  ^  ?  —  ^<r  "  / _ ^ ^ _ 

Sampling  Location:  _  L^ACP-  P//?(^Z> _ _ 

Sample  Type:  □  GW  □  SW  Ig  Soil  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected: _ ^  9^"^ _ /S~^S~ _ 

Weather  Conditions:  Y ^  “'To  **  —  ^  7  y _ 

Purging  Information  (if  applicable): 

Method: _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ : _  Cond: - Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ ^ _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^ ^ 

Sampling  Depth: _ I3_  _ _ 

Sampling  Method- 

Comments:  _ 
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An  Bmptoyee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  Cj/-c^  SJ2P-^  c 

Sampling  Crew: _ : _ 

Sampling  Point  Number:  _ S^Q  2  J2. _ 

Sampling  Location: _ ^//?L  _ _ 

Sample  Type:  □  GW  □  SW  g]  Soil  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected: _ IJ^/9'% _ /crT3~g) _ 

Weather  Conditions:  _ 

Purging  information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments: _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth: _ ^ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ _ _  Cond: _ Alkalinity: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments: _ 


Soils/Sediment  Sampling: 

Date  and  Time  Coll^ct^:  ^  /  ' 


Sampling  Depth: 
Sampling  Method: 
Comments:  _ 


3  -  /S^ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  ^Cf  ci  OAA/GP  Ol~~0^3-T  • 

Sampling  Crew: 


Sampling  Point  Number- 

Sampling  Location: _ 

Sample  Type:  □  GW 


\  a 


'  ,  PcKj  {  f  c^  r 

“/ - ^ - i-r- 


\  Dr '  I' 


□  sw  cg^oii 
Date  and  Time  Sample  Collected:  ■g/c  \  I 
Weather  Conditions:  C-Ool  *^<1 


□  SED 
0^0°^. _ 


□  Other: 


IV  CO' 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  __ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ ^ _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling:  ,  , 

Date  and  Time  Collected; 

Sampling  Depth:  ^  O'  ^ 

Sampling  Method:  or- _ 

Comments:  _ ' 
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Employee-Owned  Company 

Sampling  Form 

(Field  Sheet) 


C) !  -  -  cn-QO  -OQ-:^ 


-,;ct  and  Number:  ~  p<"  i  ,1,',  r\  O G  _ 

Sampling  Crew:  Poo  \  I’^W,  hcir^  ^  VA3^1g\fk^^ 

Sampling  Point  Number:  *ry^y\/  ^  ^ 

Sampling  Location: _ 

Sample  Type:  □  GW 


□  SW  Ui^\  □  SED 
Date  and  Time  Sample  Collected:  ^ ^  ^ 
Weather  Conditions: 


□  Other: 

\OU  Q, 


IC  V^UIIC^lCU.  ^  I  >  I  » - - I  ^ - - -  - 

Coo\  Q/-v<A  Q 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH -  Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  IVafer; 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

•  Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ ^ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected  __ 
Sampling  Depth:  I  ^  ^ 


Ism  I 


Sampling  Method: 

Comments’  ^ 


/Q4-Q 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  \ir.^Pg 'd 

Sampling  Crew:  "3oVvv-v  ^ ^  Torv^  ^  ^  feol  _ 

Sampling  Point  Number:  1  ^ _ r  ^  \  ^  ^ _ 

Sampling  Location:  _ 

Sample  Type:  □  GW  □  SW  [13^^11  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  _ iU^  3 _ 

Weather  Conditions: _ f^)y^ _ _ _ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  uepin:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling:  (  f 

Date  and  Time  Collected:  j  ^  j  ^  ^ _ /  45"^ 

Sampling  Depth:  _ 

Sampling  Method:  ‘  ^r  C\ 

Comments:  _ : _ 


! 

i 
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/ 


ff  i 

^  k 


An  Empioyee-Owned  Company 


Sampling  Form 

(Field  Sheet! 

Project  .Niame  and  Number:  j?-2  9^.  . 

Sampling  Crew:  J^A?  ^ 

Sampling  Point  Number: _ -S4J  3"  / _ 

Sampling  Location:  -/y  _ _ 

Sample  Type:  □  GW  □  SW  □  Soil  SED  □  Other  _ 

Date  and  Time  Sample  Collected: _ ^"ry.2//^,'^  /J?  ^j^s— _ 

Weather  Conditions:  — y'^  \J^dr^^  ^ 

Purging  Information  (if  applicable): 

Method:  _ _ _ _ _ _ 

Quantity  of  Water  Purged: _ _ _ _ 

Disposition  of  Purge  Water:  _ _ _ 


Date  and  Time  of  Purging:  Start: 
Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ _ _ _ _ 

Sampling  Depth:  _ _ _ _ _ 

Water  Level:  _ _ _ _ _ 

Sampling  Method /Equipment:  _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ _ _ _ _ 

Curt  II I  lei  us:  _ _ 


Surface  Water; 

Date  and  Time  Collected:  _ _ _ _ 

Collection  Method:  _  . 

Date  and  Time  Filtered  (if  applicable)  _ _ _ _  ^ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  Typi  /7  ■? _ y.J~~ _ 

Sampling  Depth:  _ 

Sampling  MethcJ;  - - AO&^/?  L/' 

Comments:  _ ^ 
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Sampijng  Form 

(Field  Sheet) 


Project  Name  and  Number:  SP/^  7^ 

Sampling  Crew:  7??  A?  ^  t 

Sampling  Point  Number: _ 

Sampling  Location:  l^<£arjA  ^ 

Sample  Type:  □  GW  □  SW  □  Soil 

Date  and  Time  Sample  Collected: _ /  / 

Weather  Conditions:  I 

Purging  Information  {if  applicable): 

Method: _ _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start:  _ _ 

Comments:  _ _ 


<JO  C7 


^  SED  □  Other 

Ll _ /3c>V 


Groundwater: 


Date  ana  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ _ 

Sampling  Method/Equipment:  _ 

Field  Measurements:  pH  _ 

Date  and  Time  Filtered  (if  applicable): 
Comments:  _ 


Alkalinity: 


Surface  Water: 


Date  and  Time  Collected:  _ _ 

Collection  Method:  _ _ _ 

Date  and  Time  Filtered  (if  applicable) 

Field  Measurements:  pH  _ 

Comments:  _ _ 


Turbidity: 


Sofis/Sediment  Sampling: 

Date  and  Time  Collected 

Sampling  Depth:  _ 

Sampling  Method:  _ t 

Comments: 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  "Opf  t  f  jf 

r. _ _  0^  J  J  cJ'^  TT 


-Ocal 


Sampling  Crew:  (^o•r~^  ,  [Acr\  Torv-^  { 


-I  -(1^ 


Sampling  Point  Number: 

Sampling  Location: _ 

Sample  Type:  H^W  □  SW  □  Soil  □  SED  □  Other: 

Date  and  Time  Sample  Collected:  ^  /  '2>0  /  W  P _ 

_ i  *  ^  /  7"  7'^ 

Weather  Conditions: 


Cool  ar\dc 


Purging  Information  (if  applicable): 

Method:  _ 

Quantity  of  Water  Purged:  ^  S'  _ _ 

Disposition  of  Purge  Water: _ _ 

Date  and  Time  of  Purging:  Start:  End:  ^ 

Comments:  _ '  _ 


Groundwater:  , 

Date  and  Time  Collected:  ^yS^Oy  jj _ 

Sampling  Ueptn:  £  •  . : _ ^ . . . 

Water  Level:  ^  _ 

Sampling  Method/Equipmerrt: 

Field  Measurements:  pH  Temp:  Cond:  lP-.  ^\  Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ _ 

Date  and  Time  . Filtered  (if  applicable):  _ _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

Sampling  Method: _ 

Comments:  _ 
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An  EmployeeOwned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  gQO<3  3 

Sampling  Crew:  7^^  y  _ _ _ 

Sampling  Point  Number:  OU  3  —  /  -  ^ _ _ _ _____^ _ 

Sampling  Location:  _ U-  A/ , A _ 

Sample  Type:  M  GW  □  SW  □  Soil  □  SED  □  Other  _ _ 

Date  and  Time  Sample  Collected: _ _ /  ‘t' /.^  _ 

Weather  Conditions:  _ J  /jJArj2.hn  ^  A  ^  -ja  </  .  R/Q=r^>^ 


Purging  Information  (if  applicable): 


Method:  .  p  tJ»''>MPr=?b 

Quantity  of  Water  Purged: . 
Disposition  of  Purge 


- 


Date  and  Time  of  Purging:  Start:  End:  l'^/< 

Comments: _ 


Groundwater: 

Oate  and  ^  ^ ^  ^ 

Sampling  Depth:  ^  (o  ^  ^ 

Water  Level:  ^  Sf'^  ^  R>Tt>  _ _ _ _ 

Sampling  Method/ Equipment: 

Field  Measurements:  pH  ^  8  Tempy^^»  ^  Cond:  ^i/y  AHcalinityr  ^ — - 
Date  and  Time  Filtered  (if  applicable):  f  ^  y.  ^T/ jU /i<7- 

Comments;  _ _ 


Surface  Water: 

Date  and  Time  Collected:  _ _ _ 

Collection  Method:  _ _ _ 

Date  and  Time  Filtered  (if  applicable)  _ _ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity: 

Comments:  _ _ _ 


Soiis/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

Sampling  Method:  _ 

Comments:  _ 
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•  An  f mp/oyee-Owrwd  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  , 

Sampling  Crew: 

oai.ijjiing  Point  Number: _ ^ ~  / 

Sampling  Location:  _ '  _ 

Sample  Type:  M  GW  □  SW  □ 

Date  and  Time  Sample  Collected: _ 

Weather  Conditions:  ^  jj3A- 

Purging  Information  (if  applicable): 

Method:  P^O/^P 


Method:  r  F 

Quantity  of  Water  Purged:  _ 
Disposition  of  Purge  Water: 


^-4  - 


Date  and  Time  of  Purging:  Start: 
Comments:  _ 


0/0, 


OoloOGa 


P-'-Z-J 


□  Soil  □  SED  □  Other 


SOjfS  // 


Groundwater: 


Date  and  '^'^•*ected:  _ 

Sampling  Depth:  ^  A 

Water  Level:  _ S  ^  S^TOc^ 

Sampling  Method/Eouipment!  ^ 
Field  Measurements:  pH 
Date  and  Time  Filtered  (If  applicable): 
Comments:  _ 


Temp: 


Alkalinity: 


Surface  Water: 


Date  and  Time  Collected:  _ 

Collection  Method:  _ _ 

Date  and  Time  Filtered  (if  applicable) 

Field  Measurements:  pH  _ 

Comments:  _ 


Turbidity: 


SoNs/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

Sampling  Method:  _ 
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An  Employee-Owned  Company 


Or/^ior**  Miirv^Ko 


Sampling  Form 

(Field  Sheet) 

r-  \  C  ^  I  r\  ^  A-(^  ^  1 


Sampling  Crew:  Xot^VA  V 

Sampling  Point  Number:  J  j _ 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  Q^W 

Date  and  Time  Sample  Collected:  I'^j  ^ 

Weather  Conditions: 


^ycxJ>\  rart< 


□  SED  □  Other: _ 

-  _ 

/4^  ocgMr'  ^ 


Purging  Information  (if  applicable): 

Method: _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 

Date  and  Time  of  Purging:  Start: 
Comments: 


Groundwater: 

Date  and  Time  Collected: 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: . 
Field  Measurements:  pH - 


Temp: _ 


Alkalinity: 


Date  and  Time  Filtered  (if  applicable): 
Comments:  _ 


Surface  Water: 


Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: . 

Comments:  _ 


Turbidity: 


Soiis/Sediment  Sampling: 

Date  and  Time  Collected:  _ 
Sampling  Depth:  (7^^ 
Sampling  Method: 
Comments:  _ _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  ~  r\-Nc"sf-N --ryy=^ 

Sampling  Crew:  ^  Pc^l  Pqm'-y-y  _ 

Sampling  Point  Number: 

Sampling  Location: _ _ _ 


Sample  Type:  □  GW  □  SW  [3^^  □  SED  □  Other: 

Date  and  Time  Sample  ^llected; _ ^  1 1 


Weather  Conditions:  W ^ 

1 

1  . .  J 

Purging  information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ _ 


Groundwater: 

Date  and  Time  Collected:  _ _ 

Sampling  Depth: _ _ _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _ Temp: _  Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected:  _ _ 

Collection  Method: _ ^ _ _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measuremenib.  _ .onip:  _ _ Cond: _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampiing: 

Date  and  Time  Collected: 
Sampling  Depth: 


Sampling  Method: 
Comments:  _ 


i-phk - > 


OgQ  gL 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  _ 

Sampling  Crew: 

Sampling  Point  Number:  ~ _ _ 


Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  D^oil 

Date  and  Time  Sample  Collected: 

Weather  Conditions:  . 


□  SED 

/Qy? 


□  Other: 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 1 _ 

Sampling  Depth:  _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH-: - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ ^ _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method:  _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cohd:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  . 
Sampling  Depth:  O  ^ 
Sampling  Method: 


\^1_ 


Comments: 
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An  Employee^Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  _ 

Sampling  Crew:  Ux  ,  Vg^ov  PwC<jha-N 

Sampling  Point  Number: 

Sampling  Location: _ 

Sample  Type:  □  GW 


□  SW  ntSor  □  SED  □  other: 

Date  and  Time  Sample  Collected:  ‘g  j  _ I 


Weather  Conditions: 


r\a2r 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling:  i  . 

Date  and  Time  Collected:  ^  j  ^  _ 

Sampling  Depth:  ^  ^ _ 

Sampling  Method:  _ 

Comments:  _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 
Sampling  Crew:  y  j 

Samoling  Point  Number:  ^  /C 

Sampling  Location: _ ■ 

Sample  Type:  □  GW  □ 

Date  and  Time  Sample  Collected: 
Weather  Conditions:  9<yT\>- 


\ 


''SealoiTN  'Par^l 


□  SW  CXSoil'  □  SED  □  Other: 

id: 

Im  ^unrv-A  l-H  -r^env- 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ _ 

Date  and  Time  of  Purging:  Start: 
Comments:  _ 


Groundwater: 


Date  and  Time  Collected: _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH -  Temp: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Alkalinity: 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: , 

Comments:  _ 


rufoioity: 


Soils/Sediment  Sampling:  /  , 

Date  and  Time  Collec^d:  ^  ^ 

Sampling  Depth: 

Sampling  Method: 

Comments:  _ 


135^ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  t  0  (\'Q  0\  ~D  ^ 

Sampling  Crew:  ^Orv~s  .K’Xj\  Parr\^V~\  ^ 

Sampling  Point  Number:  "Tp  ^  _ 

Sampling  Location: _ _ _ 

Sample  Type: 


□  GW  □  SW  H^oil 
Date  and  Time  Sample  Collected:  ^  j  i^[  ^ 


Weather  Conditions:. 


□  SED 


□  other: 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  „ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ _ _ 

Sampling  Depth: _ _ _ 

Water  Level:  _ _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH -  Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ _ _ _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soiis/Sediment  Sampling:  j 

Date  and  Time  Collected: 
bampiing  ueptn: 

Sampling  Method: 

Comments:  _ 


Science  Applications  International  Corporation  M  1710  Goodridge  Drive,  McLean,  Virginia  22102 

White:  File  Pink:  Field  Manager  Yellow:  Supervisory  Geologist  Goldenrod:  Field  Book 

K-99 


An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 
Sampling  Crew: 

Sampling  Point  Number:  _ 

Sampling  Location: _ 

Sample  Type:  □  GW 


3-  CO^< 


□  SW  cg^soil  nSED 


□  Other: 


Date  and  Time  Samole  Collected:  ^  j 

^/>] 

1^'^  ,  I^LA _ 

Weather  Conditions: _ ! 

PcriV\ 

1 

-H 

Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 

Date  and  Time  of  Purging:  Start: 
Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - T( 

Date  and  Time  Filtered  (if  applicable): 
Comments:  _ 


Alkalinity: 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Moacurcmcntc:  pH _ Temp: 

Comments:  _ 


Turbidity: 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^ 
Sampling  Depth:  Lp.  - 
Sampling  Method:^  pW-F' 
Comments:  _ 
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An  Employee-Owned  Company 

Sampling  Form 

(Field  Sheet) 


^  .  n 


Project  Name  and  Number:  \  i  r\ Ty  j.o 

^1  "  i.  -7 

■ '  T  \ 

Samolina  Crew:  '~X‘of~V\  ^3c>V-\v^ 

\  y 

Sampling  Point  Number:  f  \ 

Samollna  Location: 

Sample  Type:  □  GW  □  SW  □  SED 

n  other: 

Date  and  Time  Sample  Collected:  | 

Weather  Conditions:  C-Wj^iT  ^\\i5\KV' 

0 

KVNtd 

Purging  Information  (If  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ _ _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ ^ , _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling:  .  r 

Date  and  Time  Collected: 

Sampling  Depth:  O  ‘  Q  ^ 

Sampling  Method: 

Comments:  _ 


Science  Applications  International  Corporation  ■  i7io  Goodridge  Drive.  McLean,  Virginia 22J02 
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I  An  Empfoyee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Proiect  Name  and  Number:  <  1 

i 

field  c(- -CD-ou -co-=. 

; - ^ 

Samolina  Crew: 

Samplinq  Point  Number:  \ 

Samolina  Location:  i 

Sample  Type:  □  GW  □  3W 

Date  and  Time  Sample  Collected:  i 

nSED  n  other: 

Weather  Conditions :  1 

r*s('ic\V^V  cJ^  rb^\v-'  >  I'KqK  rv»|^^  *50'^ 

Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Stan: _ _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  ' _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  TurDidity: 

Comments:  _ 


Soils/Sediment  Sampling:  t 

Date  and  Time  Collected:  ^l':^ I 

Sampling  Depth:  p/  - 

Sampling  Method:  > _ _ 

Comments:  _ 
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An  Employee-Owned  Company 


Project  Name  and  Number: 
Sampling  Crew:  lo 


Sampling  Form 

(Field  Sheet) 


>00.  oi  0*=^ CQ^o  -oc^?s 


Sampling  Point  Number.  _ 

Sampling  Location: _ 

Sample  Type:  □  GW 


rYi-N.-v  jrcile^hy-s  PcXi  1  ^ 


□  SW  EJ^oil 


Date  and  Time  Sample  Collected:  ^ 


□  SED  □  Other: 


Weather  Conditions:  (^\VW  yv-^\ci> 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ _ 

Sampling  Depth:  _ : _ _ 

Water  Level:  _ _ _ 

Sampling  Method/Equipment: _ _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _  _  _ v^UUU.  _ _  I  urbidity: 

Comments:  _ 


Soils/Sediment  Sampling:  i  r 

Date  and  Time  Collected:  ^  CPi'3>^- 

Sampling  Depth:  ^  ^ 

Sampling  Method:  _ 

Comments:  _ 


Science  Applications  International  Corporation  M  i/io  Goodridge  Drive,  McLeon,  Virginia 22102 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number:  _ 

Sampling  Crew:  \  Dr^  h:>^  ,  tior^  ^SnoftK _ 

Sampling  Point  Number:  lO  j  -  i _ 

Sampling  Location: _ _ 

Sample  Type:  □  SW  □  Soil  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  ^  M  _ 


Weather  Conditions:  ^oVA  Qnd  C  j  \r>  bO^* 


fh 


k^oqpgxr 


Purging  Information  (if  applicable): 
Method:  .  DO  ^.1 


Quantity  of  Water  Purged:  _ 
Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start:  ^  I  ^  ^  End:  ^  I  \ 


Comments: 


Groundwater: 

Date  and  Time  Collected:  ^  /  DQ  /  ^  0 _ 

Sampling  Depth:  ^  ^  oTt> CL- 

Water  Level:  ^ _ 

Sampling  Method/Equipment:  T~€^flDo.  _ 

Field  Measurements:  pH  Temp:  1^( *  ^  Cond:  fe  ■  Alkalinity" 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH_ _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth: _ 

Sampling  Method: _ 

Comments: 
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An  EmployeeOwned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Numbar:  - IT t> 

Sampling  Crew:  l^iP^7~P/£^L  ^  _ 

Sampling  Point  Number: _ Oj  _ _ 

Sampling  Location:  Pb  Z—  Va^N  _ _ _ _ _ 

Sample  Type:  lEC  GW  □  SW  □  Soil  □  SED  □  Other  _ _ 

Date  and  Time  Sample  Collected: _ f  /?A  _ 

Weather  Conditions:  — ^  goV  m 

Purging  Information  (if  applicable): 

Method:  Poy^f>^0 — y4-  fSO iP,i^€Te< ,  s?/ cT  C>ijj^P> _ 

Quantity  of  Water  Purged:  ^  <^(0  _ _ _ 

Disnosition  nf  Ptimp  Wptpr*  J)  (Zx)  _ 

Date  and  Time,  of  Purging:  Start.  .  ?  /  ?  .ta  -7  fnd: 

Comments:  _ _ _  ' 


Groundwater: 

Date  and  Time  Collected;  — ^ /  /  /  J  _ 

Sampling  Depth:  ^  ^  -  ti  '  ^  r-/y  _ 

Water  Level:  _  — cfJjJs. _ ^r2><: _ _ _ 

Sampling  Method /Equipment:  _  _ _ _ 

Field  Measurements:  pH  Temo:  ‘^5^-5°/=:  Cond-  ^S€>  Aii>|,|jpity.  ~ 

Date  and  Time  Filtered  (if  applicable):  DFys 

Comments:  _ _ 


Surface  Wate^' 

Date  and  Time  Collected:  _ _ _ 

Collection  Method:  _ ;; _ _ _  • _ 

Date  and  Time  Filtered  (if  applicable)  _ _ _ 

Field  Measurements:  pH  _  Temp:  _  Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  _ 

Samolino  Method:  _ 

Comments:  _ 


Science  Applications  International  Corporation  m  8400  Westpark  Drive,  McLean,  Virginia  22102 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  ^mber: 

Sampling  Crew:  \  PcK^  i  ^  )r--v  ^  \  C^rv^ 

Sampling  Point  Number:  S  1  1 _ 

Sampling  Location: _ ^ _ 

Sample  Type:  □  GW  □  SW  [^^il  □  SED  □  Other:  _ _ 

Date  and  Time  Sample  Collected: .  _ 

Weather  Conditions:.  5%‘'F-  j  CJi<-or^  IK  V  ^^opg-r-  ?D  _ 

Purging  Information  (if  applicable): 

Method:  _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth: _ ^ _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: - Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ ^ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling:  t  r 

Date  and  Time  Collected:  I  ^ 

Sampling  Depth:  _ 

Sampling  Method:"" o>-s 
Comments:  _ 


Science  Applications  International  Corporation  ■  77/0  Goodndge  Drive,  McLean,  Virginig_22l02 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  C(  -  6::::^(ncn  -  t::^cr^ 

Sampling  Crew:  ?0^\  \  g>rv^^  U^^eAlV>SLrW  a _ 

Sampling  Point  Number:  I  ""  ^ _ 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  Q-SbiT  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  ^  j  j  ^  _ _ 

Weather  Conditions:  F  /  ^  _ 

Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 


Date  and  Time  of  Purging:  Start: _ ^ _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ ; _ ^ _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turoidity: 

Comments:  _ 


Soits/Sediment  Sampling: 

Date  and  Time  Collected 
Sampling  Depth: 


Sampling  Method: 
Comments:  _ 


"ypDPy-'- 


Science  Applications  International  Corporation  U  i7io Goodridge  Drive.  McLedn.  Virginia  22102 
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Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 

Sampling  Crew: 

Sampling  Point  Number:  \ _ 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  Uy^W 

Date  and  Time  Sample  Collected:  . 

Weather  Conditions:  60°'  1^- 


>K)S  &(~0^  CP^-tS>-C33  — 


□  SED 


□  Other: 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: _ 

Date  and  Time  of  Purging:  Start: 
Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ _ 


Alkalinity: 


Surface  Water: 


Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: 

Comments:  _ _ _ 


Turbidity: 


Soiis/Sediment  Sampling: 

Date  and  Time  Collected:^ _ j 

Sampling  Depth:  (q  ^  ^ 

Sampling  Method:  ^^ll 
Comments:  _ [ _ ; 
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An  Empfoyee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  ^  A 

Sampling  Crew:  L 

Sampling  Point  Number:  ^ 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  G^Soil 

Date  and  Time  Sample  Collected:  S 


□  SED 


r\yE:> _ ([^1^  C:D-co 

□  Other: _ 


Weather  Conditions: 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  • _ 


Groundwater: 

Date  and  Time  Collected:  _ _ _ _ 

Sampling  Depth: _ 

Water  Level:  _ _ _ 

Sampling  Method/Equipment:  _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  ■  _ 

Comments:  _ 


Surface  IVafer; 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

I  ict\j  I  Vie;  Clou  I  oi  I  ie;i  I  Lo.  i  i  ui  1 lu:  i  Urbiuiiy : 

Comments:  _ 


Soils/Sediment  Sampling:  , 

Date  and  Time  Collected: 
Sampling  Depth:  ^ 

Sampling  Method:  vV 

Comments:  _ 
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An  Employee-Owned  Company 


Project  Name  and  Number: 


Sampling  Form 

(Field  Sheet) 


Sampl 


Sampl 


ng 


Crew:^\^nr\ 


~(2^ 


ng  Location: . 


oil 


Sample  Type:  □  GW  □  SW  _ 

Date  and  Time  Sample  Collected:  IS 

Weather  Conditions:  40^  !rh 


□  SED 
tnOs 


n  Other: 


Purging  information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ _ 

Sampling  Depth:  _ 

Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected 
Sampling  Depth: 


£Ija13> 

XTvT 


Sampling  Method: 
Comments' 


\Or^ 


lll'^ 


.7 


Science  Applications  International  Corporation  U  1710  Goodridge  Drive.  McLean.  Virginia  22)02 
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An  Employee-Owned  Company 


I 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  N^ber:  _  Q->Qo  —  c:::x:S^ 

Sampling  Crew:  ^  0>~in  tV\a/  ^ 

Sampling  Point  Number:  3  _ 

Sampling  Location: _ _ _ 

Sample  Type:  □  GW  □  SW  Q^Soil  '  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  ^ _ _ 

Weather  Conditions:  _ GC>^P^  j  ^  P _ 


Purging  information  (if  applicable): 

Method:  _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level: 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^ 

Sampling  Depth:  D  5  ^  ~ 


Sampling  Method: 
'^^mments: 


cr% 


Science  Applications  International  Corporation  M  17W  Goodridge  Drive.  McLean.  Virginia  22 102 
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An  Employee-Owned  Company 


r\ 

-r 


Sampling  Form 

(Field  Sheet) 

r,. 


c^-CBoc^  - 


Sampling  Crew:  'Rao\ 


Samolina  Point  Number 
Sampling  Location: _ 

C-aiTipic  i/p©:  sJ 


U-‘ 


I  ;_,  SED  □  Other; 

Date  and  Time  Sample  Collected: 

7  ;  T  Tx 


Weather  Conditions: 


(:>0' 


Hi'n 


Purging  Information  (if  applicable): 
Method: _ 


Quantity  of  Water  Purged:  _ 
Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: 
Comments:  _ 


End: 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level: 

Sampling  Method/Equipment: _  _ _ 

Field  Measurements:  pH _ Temp: _ Cond:  _ _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments: _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH_ _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soiis/Sediment  Sampling:  .  . 

Date  and  Time  Collected:  O 

Sampling  Depth:  Q-  Eo  ^  _ 

Sampling  Method:  t3p\\V  _ 

Comments: 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

Project  Name  and  Number;  '^^pT  '  ^  j 

Sampling  Crew:  .  'Xor^ 

Sampling  Point  Number:  L^ZX _ _ _ 

Sampling  Location:  _ 

Sample  Type:  □  GW  □  SW  Q^ll  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  ^  ^ _ i4 

t  \ 


Weather  Conditions: 


bo' 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water: 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

bampiing  uepin:  _ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _  Temp: _ Gona; _ Aikaiiniiy: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measuremenis:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  _ 
Sampling  Depth: 

Sampling  Method:  --Spl  i 
Comments:  _ _ 


Ti-S-  ‘O 


"iO '  Q  ' 
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An  Empioyee^Owned  Company 


Sampling  Form 

('Field  Sheet') 


Project  Name  and  Number: 

Sampling  Crew;  \  ^ 

Sampling  Point  Number: 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW 

Date  and  Time  Sample  Collected:  ^ 
Weather  Conditions:  _  _ 


/  Pc^\ 

'fepr  i'  n>c\  A'eicll 


□  Soil.  [S^  □  other: 

•  S  S- _ ><4^0  _ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ _ 


Groundwater: 

Date  and  Time  Collected:  _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ _ _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^  -  G:>  •  ^  ^  1  Q _ 

Sampling  Depth:  ^ _ 

Sampling  Method:  rw  I 

Comments:  _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 

01-^3  ©-l- 

Project  Name  and  Number:  0<gyjhyvv\ 

Sampling  Crew:  \CW>  /  ]P^  \ 

Sampling  Point  Number:  \  f^'cld 

Sampling  Location: _ 

"'™-'?“rype:  DGW  □  SW  □  Soil  [I>Sfb  □  Other: 

Date  and  Time  Sample  Collected:  *n  •b-  _ I  D  ^ _ 

Weather  Conditions:.  _ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ _ _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected: _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 

Sampling  Depth:  C=>  _ 

Sampling  Method: 

Comments:  _ 
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An  Empioyee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  Q  \  "V  ""  QO ^ 

Sampling  Crew:  ^  Po^V  ^ _ 

Sampling  Point  Number:  >SQ  ^  "OP  _ 

Sampling  Location: _ _ 

Sample  Type:  □  GW  □  SW  □  Soil  □  Other: _ 

Date  and  Time  Sample  Collected:  ‘  _ 

Weather  Conditions:  _  a/>2. _ 

Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged:  _ _ 

Disposition  of  Purge  Water: _ _ 


Date  and  Time  of  Purging:  Start:  _ _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected:  _ 

;:)ampiing  uepin:  _ ^ _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: - Alkalinity: 

Date  and  Time  Filtered  (If  applicable):  _ 

Comments:  _ _ _ 


Surface  Water: 

Date  and  Time  Collected: _ _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (if  applicable):  _ _ 

Field  Measurements:  pH _ Temp; _ Cond:  _  Turbidity: 

Comments:  _  .  . 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^  ^  _ f  o&S 

Sampling  Depth:  _  _ 

Sampling  Method:"^^'^^  \  ^ ^ 

Comments:  _ ^ _ _ _ 
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An  Employee-Owned  Company 


Sampling  Form 


Proiect  Name  and  Number:  ^ 

0[-  "’0*>00 

—  r  . 

Samolina  Crew: 

.  Perl 

Samolino  Point  Number:  P  S''  ^ 

- 

Samolino  Location: 

Sample  Type:  □  GW  □  SW 

□  Soil 

rVSED  n  other: 

Date  and  Time  Samole  Collected:  'b  " 

Weather  Conditions:  A/  ^ 

Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Collected: _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ _ 

Date  and  Time  Filtered  (If  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond: _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 


Sampling  Depth: 
Sampling  Method: 
Comments:  _ 


// 
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An  Empioyee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


P  oo  \  Por  1 


Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  □  Soil  Gl/S^  □  Other: 

Date  and  Time  Sample  Collected: 

Weather  Conditions:  _  K>/^ _ 


Project  Name  and  Number: 
Sampling  Crew: 


Sampling  Point  Numoer:  $ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  end: 

Comments:  _ 


i 

I  Groundwater: 

I  Date  and  Time  Collected: . . .  . 

Sampling  Depth: 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurerhents:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _ 

Comments:  _ 


Soils/Sediment  Sampling:  ^ 

Date  and  Time  Collected:  O  4> 

Sampling  Depth:  _ 

Sampling  Method: 

Comments:  _ 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  ^ 

Sampling  Crew:  \ 

Sampling  Point  Number:  "T  ^  i-  _ _ 

Sampling  Location: _ _ _ _ _ 

Sample  Type:  □  GW  □  SW  GJ^oil  □  SED  □  Other: _ 

Date  and  Time  Sample  Collected:  _ 

Weather  Conditions:  _ 


^  •  a'5> 


IfeOti 


Purging  Information  (If  applicable): 

Method: _ _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: 


Water  Level:  _ _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH _ Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected:  _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

P'pid  Measurements:  pH _ Temp: _ Cohd: _  Turbidity: 

Comments:  _ _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected:  ^  (b  D _ 

Sampling  Depth:  _ 

Sampling  Method 

C(OTments:  ^  Ov 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number: 

Sampling  Crew:  | 

Sampling  Point  Number:  "V  Qi- — P 

Sampling  Location: _ 

Sample  Type:  □  GW  □  SW  Q^il 


9<E.r>ciei 


□  SED 


Date  and  Time  Sample  Collected: , 
Weather  Conditions:  A/ 


•q::u 


□  Other: 

l(=>  _ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging:  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth: _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ _ 

Comments:  _ _ 


Surface  Water: 

Date  and  Time  Collected: _ _ 

Collection  Method: _ 

Date  and  Time  Filtered  (if  applicable):  _ 

Field  Measurements:  pH _ Temp: _ Cond:  _ Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

r)?itp  and  Time  Collected: 
Sampling  Depth: 


144&, 


Sampling  Method: 
Comments: 


L-P 

CL.omy>^^ 


^  Cor'npC3g.\W .  Scvyvp»<- _ r  4g-tf 
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An  Employee-Owned  Company 


Sampling  Form 

(Field  Sheet) 


Project  Name  and  Number:  hglci  Ql"  —  CS5> '~0'>gicr^ 

Sampling  Crew:  'Tt  .Ocjr-^rt  Raol  pQ>7l‘csi-^ 

sampling  roint  Numoer: 

I  /^r'ation: 


i-f 


Sample  Type:  □  GW  □  SW  Q^ii  □  SED  □  Other: 

Date  and  Time  Sample  Collected:  _ 

Weather  Conditions:  _ 


Purging  Information  (if  applicable): 

Method: _ 

Quantity  of  Water  Purged: _ 

Disposition  of  Purge  Water:  _ 


Date  and  Time  of  Purging;  Start: _  End: 

Comments:  _ 


Groundwater: 

Date  and  Time  Collected: _ 

Sampling  Depth:  _ 

Water  Level:  _ 

Sampling  Method/Equipment: _ 

Field  Measurements:  pH — — - Temp: _ Cond: _ Alkalinity: 

Date  and  Time  Filtered  (if  applicable):  _ 

Commpn+Q-  _  _ 


Surface  IVafer: 

Date  and  Time  Collected: _ 

Collection  Method: _ 

Hato  onH  Pilfered  /if  aoolicableV  _ 

Field  Measurements:  pH _ Temp: _ ___Cond: _  Turbidity: 

Comments:  _ 


Soils/Sediment  Sampling: 

Date  and  Time  Collected: 
Sampling  Depth: 


^  fa  t  L 

'o  ;  t-'  c? , 
- 7 - f- 


.  Q-  r,  C. 


Sampling  Method: 
oornments;  _ l 


\-Wxi-  f'ygsgH' 


1 


_ _ _ !  "  ''  V  \\rr  H 
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Water  Level  Measuremrat  Forms 


K-123 


TfflS  PAGE  WAS  LEFT  INTENTIONALLY  BLANK. 
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An  Employee-Owned  Company 


Water  Level  Measurements 

(Field  Sheet) 


Measurement 


Team:  l\Wl  ‘Tbv^ 


Project  Number  and  Location:  HAA/Gyga  s-r- 

Pi-  Q^o  -  00"^ 


Measuring  Method:  |€xl6^\  lry\.>C-Z^  Vl./ 


Measuring  Point: 


\  OP 


rv^ 


Well  No. 

Date 

Time 

Tape  Reading 

Depth  to 
Water  (ft) 

Remarks 

Measure  Pt. 

Water  Level 

p~] 

6TOC- 

17. 

/ 

F-J- 

P'bT.'T 

rsioc. 

b  •  0^ 

0^6  2.0 

'4-^' 

f-4 

e>l 

(%TOO 

/ 

&  • 

P-6 

(2>TCC. 

too' 

— trizr 

^  ^ — 

Meshurin^mtrPornx  wnere  measurement  was  tal^^.  Tbp'of  PVC  casihg  (TOC);  Top  of  Protective  Steel  Casino 
(TOSC);  Land  Surface  (LS),  etc. 

Depth  to  Water:  Measurements  should  be  recorded  to  the  nearest  0.01  ft.  (e.g.,  10.06  feet  below  TOC). 

Remarks:  Any  conditions  that  may  influence  the  water  level  measurements. 

Disclaimer 

Data  entered  on  this  form  were  obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 
do  not  represent  SAIC‘$  final  assessment,  and  may  be  subject  to  revision. 
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An  Employee-Owned  Company 


Water  Level  Measurements 

(Field  Sheet) 


Measurement  Team; 


Project  Number  and  Location: .  OPd\JGfh>^X. 

_ 0\  -  -  o4>  -  OQ-^ 

Measuring  Method;  _  1^3rikr  T.>vt,7r^h)r _ 


Measuring  Point: 


-Hip — oi _ 


Well  No. 

Date 

Time 

Tape  Reading 

Measure  Pt. 

Water  Level 

P-l 

14'  /  ^ 

h)A 

a '^3 

p-3 

1^(7 

tJfs 

(bX  OC 

<illcl^T- 

/STo^ 

P-3 

HA 

6T0^ 

'7- '03 

F'l 

- - - 

fSToc. 

- 7- - 

0^  1  •4'^ 

Depth  to 
Water  (ft) 


Remarks 


Measur/^^o/S;  Point  where  Pleasure 


Protective  Steel  Casing 


measurement  was  taken 
(TOSC);  Land  Surface  (LS),  etc, 

Depth  to  Water:  Measurements  should  be  recorded  to  the  nearest  0.01  ft.  (e.g.,  10.06  feet  below  TOC). 
Remarks:  Any  conditions  that  may  influence  the  water  level  measurements. 

Disclaimer 

Data  entered  on  this  form  were  obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 
do  not  represent  SA/C's  final  assessment,  and  may  be  subject  to  revision. 
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An  Employee-Owned  Company 


Water  Level  Measurements 

(Field  Sheet) 


Measurement  Team: .  jc:^ 


Project  Number  and  Location:  OAf\JC-tt^ 

y  -C>'L  -  WaO  -  Or^3> 


■0\  - 


Measuring  Method:  ItYV.c^ 


Measuring  Point: 


WetiNo. 

Date 

Time 

Tape  Reading 

Depth  to 
Water  ^fr; 

Measure  Pt. 

Water  Level 

p-i 

Ihii 

BTbC^ 

I'D  0  r 

p-7 

f?S\CC^ 

i<b  *7  6^ 

^CD 

Lr 

^  1 II 

<^il 

4  'Ti' 

i>lo 

— a  ^ 

7T:=r. — s — 

■k  ^  _  r 

-O 

7-1  V 

»  \ - 

Remarks 


Measuring  Foint:  Point  whem  measu^ent  waslaken.  Top  of  PVC  ca^g  (TOC);  Top  of  Protective  Steel  Casino 
(TOSC);  Land  Surface  (LS),  etc. 

Oepf/j  to  Water:  Measuremenls  should  be  recorded  to  the  nearest  0.01  ft.  (e.g.,  10.06  feet  below  TOC). 
Remarks:  Any  conditions  that  may  influence  the  water  level  measurements. 


Disclaimer 

Data  entered  on  this  form  were  obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 
do  not  represent  SAIC's  final  assessment,  and  may  be  subject  to  revision. 
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An  Empfoyee-Owned  Company 


Water  Level  Measurements 

(Field  Sheet) 


Measurement  Team:  ^ ^ 

Project  Number  and  Location:  ^  p»  - ^/\l0  - - 


n-ctX-j-  C>3  --67. 


no 


Measuring  Method 


;  CAl>^ky  ~r:vYL‘'.  c^e^kor 


Measuring  Point: 


\'0\? _ ci _ 


Well  No. 


Date 


Time 


Tape  Beading 


Measure  Pt, 


Water  Level 


Depth  to 
Water  (ft) 


Remarks 


M 

P'X 

P-H 

f-3 

p'b 

/M  VO  xai 


si?b/^T- 

<10^!^ 


I-2.Z. ) 

r&TDc- 

i2>TdC 

i%0\ 

1  iZ-o 

ki€pb> 

Vi'2>^=* 

1  7- 

f&TDC' 

fS>-XZ>C 

115)^ 

yg-.TbcS 

^TD6- 

TTW 

•?>  14^ ' 

ifc  id' 

4f  Ld' 

■7-\  ^Z-' 
A 

i  Lf.  H-^ 


5f  ^  "XoQ  ^  Z  ZZ 

Measuring  Point:  Point  where  mOTSurement  was  taken.  Top  ofPVC  casing  n  OC);  Top  of  Protective  Steel  Casing 
(TOSC):  Land  Surface  (LS),  etc. 

Depth  to  Water:  Measurements  should  be  recorded  to  the  nearest  0.01  ft.  (e.g.,  10.06  feet  below  TOC). 
Remarks:  Any  conditions  that  may  influence  the  water  level  measurements. 

Disclaimer 

Data  entered  on  this  form  were  obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 
do  not  represent  SAIC's  final  assessment,  and  may  be  subject  to  revision. 
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V  t 


s  An  £mployeeO¥vned  Company 


Weil  No.  Date 


I  Tape  Reading  | 

I  Measure  Pt.  1  Water  Level  j  Water  (ft) 


^  t3iO<_  (^i^eicxo  c>{- 

Measuring  Point:  Point  where  measurement  was  taken.  Top  of  PVC  casing  {TOO;  Top  of  Protective  Steel  Casing  (70SC); 
Land  Surface  <LS),  etc. 

Depth  to  Water:  Measurements  should  be  recorded  to  the  nearest  0.01  ft.  (e.g.,  10.06  feet  below  TOC) 

Remarks:  Any  conditions  that  may  influence  The  water  level  measurements. 

Disciaimer 

Data  entered  on  this  form  were  obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 
do  not  represen r  SAlC's  final  assessment,  and  may  be  subject  to  revision. 
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An  Employee-Owned  Company 


Water  Level  Measurements 

(Field  Sheet) 


Measurement  Team: 


^'iz>rJLr  ■  OW  loi^  [J^&ifherL 


Project  Number  and  Lo^tion:  Qf  ^  CE)  /at  7  —  _ 

- Air  NciFih^£.l 

Measuring  Method:  /  f077=-fZ.  PA/^ fiF  Pi2£>  ^ _ 


Measuring  Point: , 


IVeWWo. 


Date 


s/iih3 

\ 


Time 


Tape  Reading 


Measure  Pt.  Water  Levei 


Depth  to 
Water  (ft) 


Remarks 


jVM 

P-4> 


OB 

09^0 


/O.i-1 


F~S 

?-1 

F-4 

p-6 

P-1 

rv\tK)6Cr~i 

. 


ofo  I 

loot 

/03^ 

HS-o 

iS'oo 

15-19 

/S'S-G 


I  IS3^ 

i/nh  /fs^ 

s/^k  <’«»“ 


3.41 
il< 
iM 
1.  ‘Sic 

4.4^ 

13.^9 

‘d'3>.5^ 


Measuring  Point:  Point  where  measurement  was  taken.  Top  of  PVC  casing  (TOC);  Top  of  Protective  Steel  Casing 
(TOSC);  Land  Surface  (LS),  etc. 

Depth  to  Water:  Measurements  should  be  recorded  ♦r'  n.  (e.g.,  10.06  feet  below  TOC). 

Remarks:  Any  conditions  that  may  influence  the  water  levei  measurements. 

Disclaimer 

oofo  Obtained  during  field  activities.  All  entries  are  preliminary  in  nature, 

do  not  represent  SAICs  nnai  assessment,  ana  may  oe  subject  to  revision. 
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Well  Development  Forms 


K-131 


TfflS  PAGE  WAS  LEFT  INTENTIONALLY  BLANK. 
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An  Employee-Owned  Company 


Well  Development  Form 

(Field  Sheet) 


Project  Name  and  Number: 

Well  Number  and  Location:  A1  LO  yS>  Gi 
Development  Crew:  ^^C*i 

Water  Levels/Time:  Initial:  fUl/^ _ 

Total  Well  Depth:  Initial:  _ 


■  ^  -  O'^-O'^O  - 


Driller  (if  applicable): 
Pumping: _ 


Date  and  Time:  Begin:  ^  ^  Completed:  /OOP 

Development:  Method(s): _ (31 -o  _ 

Total  Quantity  of  Water  Removed: _ "7^  . 


Date/Time 
and 
Pump 
Setting  • 

it  lO 
ITtO 
2o6  0 
-jyzsy-,-2- 

©“Xo  >- 

01S?0 


Discharge  Rate* 
and- 

Measwemapt- 

Method 

tQ  /  A/ 


4 


Temp  ('Of! 


Field  Measurements 

Specific  pH 

Conductivity  (Standard 
(umhos/cm)  Units) 


e>  1-  ^  Q. 

o  -aT-  7--  VS 


Turbidity 


Remarks 

(Including 

Sand 

Production) 


^gallons  per  minute  or  bailer  capacity 

ScioncB  Applicstions  Intsrnstions!  Coroorstion  H  r^^oodridge  Drive,  McLeon,  Virginio  22102 
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^  Empfoyee-Owned  Company 


Project  Name  and  Number: 


Well  Development  Form 

(Field  Sheet) 

,  ^ ^1  -  ^-7-  -oo'> 


Well  Number  and  Location:  AAuO  /S>  (a  “ 

ootNin 

Development  Crew: 

Driller  (if  applicable^: 

Water  Levels/Time:  Initial: 

_ Pumpino: 

Final: 

Total  Well  Depth:  Initial: 

Final:  tO 

Date  and  Time:  Begin:  isjnh  ~X  "S 

Completed: 

1  ‘o'S>D 

1  /  ' 

Development:  MethodfsL 

_ 

Total  Quantity  of  Water  Removed: 


gals 


DatefTime 

and 

Pump 

Setting 

Discharge  Rate* 
and 

Measurement 

Method 

Field  Measurements 

Remarks 

(Including 

Sand 

Production) 

Temp  (^fi 

Specific 

Conductivity 

(umhos/cm) 

pH 

(Standard 

Units) 

Turbidity 

ZjTfj^irx 

1<4S^ 

Lj. 

% 

SI'S 

T-  tf 

i<bi  > 

Cf. 

-?D  > 

S- 

>• 

16-^0 

Lf 

4^  <- 

6-  ^0 

?-'SS 

^gallons  per  minute  or  bailer  capacity 
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Employee-Owned  Company 


Project  Name  and  Number; 


Well  Development  Form 

(Field  Sheet) 

"Spr  >  rv\  cVA  Ol- 


oi-n^3^>'0^-  c>?-oo  -06^ 


Well  Number  and  Location:  MLO  I~  I*'  1 
Development  Crew: 


Development  Crew:  Vcb\  PcirV  »'fe>v-\ _  Driller  (if  applicable):  t  DCid 

Water  Levels/Time:  Initial:  Iff  ^TtX-  C>V>0  Pumping: _ Fin 

Total  Well  Depth;  Initial:  ^ _ Final:  A)  _ 

Date  and  Time;  Begin: i/HSib  Completed: 

Development:  Method(s):  6[ccA _ 


Rnal:  ^4 


Total  Quantity  of  Water  Removed: 


3 


Date/Time 

and 

Pump 

Setting 

(D^.bt= 

oni'i, 

1  DO  \ 

loDT- 

lOb2. 

\|ZO 

izr^S 

12.1^ 

IfeOS 

D/-1Z& 


Discharge  Rate* 
and 

Measurement 

Method 


D/-1Z&  'hcKC^it> 

^gallons  per  minute  or  bailer  capacity 


Field  Measurements 

Temp  (op 

specific 

Conductivity 

(umhos/cm) 

pH 

(Standard 

Units) 

Turbidity 
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Employee-Owned  Company 


Well  Development  Form 

(Field  Sheet) 
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An  Employee-Owned  Company 


Well  Development  Form 

(Field  Sheet) 
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APPENDIX  L 


Field  Variances 


MEMORANDUM 


DATE: 

August  17,  1992 

TO: 

Tom  Cady/Mary  Bridgewater 

FROM: 

A1  Wickline 

SUBJECT: 

Changes  to  Springfield/Blue  Ash  SI  field  effort. 

Based  on  information  and  data  collected  during  the  initial  activities  at  Springfield  Air 
National  Base  four  changes  to  the  planned  activities  are  warranted.  These  changes  and  the 
rationales  are  presented  below. 

•  The  second  background/upgradient  monitoring  well  will  be  drilled  and  installed 
in  the  parking  lot  west  of  the  CE  building  (Building  131).  This  location  is  based 
on  the  ground  water  elevation  plotted  during  the  first  week  of  the  field  effort. 

•  The  downgradient  monitoring  well  for  Site  4  (POL  Storage  area)  will  be  relocated 
to  a  downgradient  position.  Based  on  the  plotted  ground  water  flow  direction  the 
well  will  be  located  near  the  Soil  Gas  transect  point  D-9.  This  location  as  well 
as  the  initial  location  are  shown  on  Figure  2-4. 

•  The  location  of  the  downgradient  monitoring  well  at  Site  1  (FTA-1)  was  relocated 
from  the  planned  location  (Soil  Gas  point  C-10)  to  the  location  shown  on  Figure 
2-1  (Soil  Gas  point  I-IO).  This  location  is  downgradient  fi'om  the  site  based  on 
the  water  elevations  plotted  at  the  beginning  of  the  field  effort. 

•  Because  of  the  unusual  ground  water  elevations  in  the  center  of  the  Base  the 
installation  of  an  additional  piezometer  near  buildings  122,  103,  or  102  may  be 
necessary  to  obtain  an  accurate  flow  direction  and  rate  across  the  Base.  As 
additional  information  from  the  ongoing  investigation  is  obtained  it  may  be 
necessary  to  install  this  monitoring  point. 

The  attached  figures  show  the  locations  of  the  planned  soil  borings  and  monitoring  wells 
as  well  as  the  proposed  changes.  The  proposed  changes  are  just  inked  in  because  I  did  not  have 
time  to  get  the  graphics  done.  As  these  locations  are  finalized  and  installed  the  figures  will  be 
cleaned  up.  If  you  have  any  questions  feel  free  to  call  at  (703)  734-5514. 
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APPENDIX  M 


Goodness-of-Fit  Test  Results 


M-1.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Acenapbt 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Spi 


mg/kg 

M-1 


Figure  M-4.  Goodness-of-Fit  Tests  Using  ProbabOity  and  Box  Plots:  Arsenic  in  SoO  (Normal  and  Lognormal) 
l?8th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield.  Ohio 
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mg/kg 
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EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-5.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Benzolalanthracene  in  Sofl  (Normal  and  Lognormal) 
178tli  Tactical  Fighter  Group,  Springfield  ANGB.  Springfield,  Ohio 
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Figure  M-6.  Goodncss-of-Fit  Tests  Using  Probability  and  Box  Plots:  Benzo(a)pyrene  in  Soil  (Normal  and  Lopormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield.  Ohio 
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EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-7.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Benzo(b)fluoranthene  in  Soil  (Normal  and  Lognormal) 
118th  Tactical  Fighter  Group.  Springfield  ANGB.  Springfield,  Ohio 
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EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-X.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots;  Benzo(g,i|perylene  in  Soil  (Normal  and  Lognormal) 
lIXth  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield.  Ohio 


EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-9.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Benzo(k)fluoranthene  in  Soil  (Normal  and  Lognormal) 
nSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-10.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Beryllium  in  Soil  (Normal  and  Lognormal) 
l?8th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-il.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots;  Cadnioin  in  Soil  (Normal  and  Lognormal) 
118th  Tactical  Fighter  Group.  Springfield  ANGB.  Springfield,  Ohio 


o 


mg/kg 

M-11 


EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-13.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Chroiium  in  Soil  (Normal  and  Lognormal) 
nSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-14.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Chrysene  in  Soil  (Normal  and  Lognormal) 
118th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-15.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Copper  in  Soil  (Normal  and  Lognormal) 
nSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield.  Ohio 
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EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-I6.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Diesel  Fuel  in  Soil  (Normal  and  Lognormal) 
178tli  Tactical  Fighter  Group.  Springfield  ANGB.  Springfield,  Ohio 
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178tli  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


Figure  M-18.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots;  Fluoranthene  in  Soil  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-I9.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Heavy  Oil  in  Soil  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield,  Ohio 


Figure  M-20.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Indeno(U,3-cd)pyre]ie  in  Soil  (Normal  and  Lognormal! 
nSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield.  Ohio 
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Figure  M-23.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Nickel  in  Soil  (Normal  and  Lognormal) 
17Sth  Tactical  Fighter  Group,  Springfield  ANGB.  Springfield,  Ohio 
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Figure  M-24.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Phenanthrene  in  Soil  (Normal  and  Lopormal) 
118th  Tactical  Figbter  Group,  Springfield  ANGB,  Springfield.  Ohio 
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oodness-of-Fit  Tests  Using  Probability  and  Box  Plots;  Pyrene 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Si 


Figure  M-21.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Silver  in  Soil  (Normal  and  Lognormal) 
118th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield.  Ohio 


o 


-1 


0 


mg/kg 

M-27 


1 


2 


EXPECTED  VALUE  EXPECTED  VALUE 


Figure  M-28,  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Thallium  in  Soil  (Normal  and  Lognormal) 
nSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-29.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Toluene  in  Soil  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-30.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Xylenes  in  Soil  (Normal  and  Lognormal) 
nUtk  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 


Figure  M-31.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Zinc  in  Soil  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield.  Ohio 
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Figure  M-33.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Dissolved  antimony  in  Water  (Normal  and  Lognormal) 
178tb  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-34.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Arsenic  in  Water  (Normal  and  Lopormal) 
l]8tb  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-35.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Beryllium  in  Water  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB.  Springfield,  Ohio 
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Figure  M-37.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Copper  in  Water  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-39.  Gooduess-of-Fit  Tests  Using  Probability  and  Box  Plots:  Lead  in  Water  (Norial  and  Lognormal) 


nSth  Tactical  Fighter  Group.  Springfield  ANGB.  Springfield,  Ohio 


Figure  M-40.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Dissolved  lead  in  Water  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield,  Ohio 


Figure  M-41.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Nickel  in  Water  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group.  Springfield  ANGB,  Springfield,  Ohio 
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Figure  M-42.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Silver  in  Water  (Normal  and  Lognormal) 
178th  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield.  Ohio 


Figure  M-44.  Goodness-of-Fit  Tests  Using  Probability  and  Box  Plots:  Zinc  in  Water  (Norial  and  Lognorial) 
llSth  Tactical  Fighter  Group,  Springfield  ANGB,  Springfield,  Ohio 
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